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REPORT. 



To THE RIGHT HONOURABLE JOHN GEORGE 
DODSON, M.P., PRESIDENT OF THE LOCAL 
GOVERNMENT BOARD. 

Sni, 

Is supplement to the BoarrVs Eleventh Annual Report I OKru^Ki 
have the honour t<> submit to you an account of tlie proceedings ^^^^^ 
t.ikcn in your mclical department during the year l^S^l. 

I. — ^Vaccinatiox. 
The vaccination officers' returns, relatin<j: to children whose Vft-Tin-ition 

ri' turns* 

I'irtlis were registered in 1879, exhibit a fractional increase in 
the per-centago of children whose vaccination had not beiin 
finally accounted for (Appendix A., No. 1). This may be 
• »1 'Served alike in the metropolitan and in the country returns ; 
and it is principally to be ascribed to the diminished care that 
]"'ople have for this protective measure durinc^ a year whi'n 
-niail-pox is almost wholly absent. For in 1S71) there were but 
'>.'5(; deaths from small-pox in the whole of England an<l Wales 
aicainst a yearly average of 2,336 in the previous six years. 

During 1881 supervision of public vaccination by the medical in"*i»Ttioii. 
'n.<-[»ectors of the Board has extended into 278 unions, compris- 
iiiu' 1 .289 vaccination districts. To 63 per cent, of the public 
vv/ccinatoi*s awards of money have Ixien made from the Par- 
:i:unentary grant as additional payment earned by the excellence 
'>/' tJjeir work. Details as to the several unions will be found in 
tiH* second of the appende<l papers. 

Tlie department has continued during the year the administra- Nnticinivuorim. 

■ i<»ii of the National Vaccine EsUiblishnient, receivin^r, accord incr '" *" * ''♦»»»"i ■ 

:u its original plan, charges of lymph from certain specially 

I -proved public vaccinators whose operations are supervised by 

I >!*. Stevens on behalf of the B(jard. The demands on the 

-uiblishment were somewhat unasually great, owing to new 

T)M/ai*ance of small-pox in several parts of the country ; and for 

time it was necessar)" to obtain supplies from other vaccinators 

:ui those usually on the staff. Out of 26,5.37 charged tubrs 

. liic-Ii were received durinix the year, 9,038 were obtained from 

iji-«-e additional sources. The tubes were carefully examined in 

i.ii t lepartment, and the fact of their being well sealed and the 

. uipli being clear and free from blood was ascertained before 

r. sr tube wa.s allowed to leave the office. Charges to the num- 

r of 24,572 tubes, besides 8,105 points and 40 glasses, were 

nt from the establishment in reply to 12,4()8 a]>plicationr-». 

;,^- lymph luis been distributed to practitioners in the United 






y- 



IV 



XlDICAL 

Ofvicbk's 

Eepobt. 



Eangdom^ and t])e Army and Navy, as well as to India, tlt< 
Colonies, and Foreign services. Particulars of the source an i 
distribution of lymph will be found in Appendix A^ No. 3. 

Bepresentations of want of success with this preserved lymph 
have been received from four per cent, only of the practitioners t » 
whom it was issued. Representations as to irregularity of result 
in the use of this lymph have been made by one praotitioD* r 
only, who, on inspection of a particular child vaccinated in the 
previous week, found " some eczematous crusts in the place of 
*' normal vesicles." 
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II. — Animal Vaccikation. 

Dr. Coiy reports the preliminary proceedings of the Animal 
Vaccine Establishment. Beginning with the approved lympli- 
stock of Dr. Carsten of The Hague, Dr. Cory vaccinated darinii 
the latter half of 1881 and the first two months of 1882, a suca^s- 
sion of 46 calves with fairly good results ; and forwarded to the 
Board a total of 975 charges, of which 500 were sent out to 0<J 
practitioners who desired it. He gives in his Report (Appendix 
A., No. 5) a history of the operations of the station and the descent 
of the lymph. Of the effects produced by the lymph in tlie 
hands of the practitioners to whom it was sent it is not possible 
to give any useful account ; but Dr. Cory, in the few experi- 
mental uses he made of the lymph at St. Thomas's Hospital 
succeeded, after a little experience, in obtaining fairly complete 
results with it when he stored it on points and used it within 
five days of its being taken from the calf. The character of 
vesicles and of resulting scar were satisfactory. Stored in tubes 
the lymph did not give him the same degree of success. 

Dr. Cory further reports on a new lymph fuixiished by 
Dr. Dubreuilh, of Bordeaux. The first sample of this lymph was 
only 17 removes, through the calf, from a " spontaneous case '* <'t' 
cow-pox. Comparative inoculations with it and with lymph of 
the Hague stock has led Dr. Cory to give preference to thf 
Bordeaux lymph*stock, and at the date of this report that lynni»li 
is being cultivated from calf to calf with excellent results, in 
supersession of the Hague stock. 

A memorandum distributed with each charge of calf lymph 
given from the establishment will be found in the Appendix to 
this Report (page 39 ; 8ec aho pages 24-25). 
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m.— Small-Pox in London in 1881. 

In June 1881, on the occasion of a twelvemonth having 
passed since the Registrar General began to record what he 
could learn about vaccination in the case of deaths registered in 
London from small-pox, I had the honour to submit to you a 
memorandum on the relative mortality from small-pox in the 
vaccinated and in the un vaccinated inhabitants of London. 
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It was beyood the sc>f«e of the memorandum to record tiu* 
cimpleieoess or int»n}j»leteiit;:ss of the raccinitiuiii ia the case of 
those recorded as dTin^r after vaccinatioiL The aK^ve ;j«mmarv 
figures idated to " vaccination '" in the a^in^gaie. The power of 
a thorough vaccination to protect against death from small- jh>x is 
at least ten times crreater than the ]>3wer of much that passes 
imder the name of vaccination, but the f-aj^er was not concerned 
with this difierenee. 

The Board, however, had another interest in observing a 
mortality from small-pox, whatever mi^rht be its degree, among 
the vaccinated. It was imjNjrtant to learn how for such mortality 
might be attributable to any faults within the system of pubiio 
vaccination which the Board is charged to administer. Acivrd- T^ st^r*-m*« 
ingly, at my request. Dr. Stevens underto«.>k, dunng the year l^bl, 
an examination of all the small-pox deaths occurring in the 
houses and hospitals of London, with inquiry (in which he iK'ns 
aided by the vaccination officers) as to all the deaths among 
people alleged to have been vaccitiated or whose vaccination was 
doubtful ; and with more detailed personal mquiry into the cases 
of people who were said to have been vaccinated by public 
vaccinators during the working of the Vaccination Acts of 1807 
and 1871. 

Dr. Stevens has given me a number of tabular statenionts 
and notes concerning the small-pox mortality of the year ISvSl. 
(Appendix A., No. 8.) The total number of deaths is given Sn»»ii-|H>i «»or. 
by him at 2,379 ; it is recorded at 2,371 by the Registrar OenenU »«»'^^-»*^'''»»*'^ 
during the 52 weeks of the year. These numbers include 31 
deaths in persons brought into London hospitals fivm be)'ond the 
metropolis. Of the 2,348 deaths of Londoners, 1,520 occurred 
in hospitals, 822 in the homes of the patients ; being 65 and 35 
per cent, respectively. Of the gross 2,379 persons who died, 678 
were taken, ill while resident in the union or parish in which 
they were bom ; the remaining 1,701 were not so resident at 
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the time of their attack. There is a good deal of importance attach- 
ing to the mobility thus indicated of the population, especially 
as it affects children ; but upon this I do not at present insist. 

Out of the 2,379 deaths, children under fifteen numbered 1,125, 
or not quite half the total number ; children under ten numbered 
953 ; under five, 667. 

Formerly, in the 20 years before 1871, when public vaccination 
was gratuitously provided, but when compulsion was little more 
than nominal, more than half the deaths from small-pox that 
occuri'ed in London were of children under their fifth year. In 
the ten years, 1851-GO, these children contributed 59 ' 5 per cent. 
to the all-age small-pox mortality of the metropolis, and in 
1861-70 they contributed 54-3 per cent. In the year 1881 
(when, I repeat, not quite half the deaths were contributed by 
children under 15), children under five contributed only 27 '8 
deaths to every 100 deaths from small-pox in the metropolis. 
These figures will show that it is especially to the advantage of 
children that vaccination has been made compulsory. For in 
the year 1881, the unvacciuated suffered from sraall-pox (as the 
above quoted table will have shown) immensely in excess of the 
vaccinated ; the difference between the two classes, observable 
at every age, being most observable at younger ages. 

Taking now with Dr. Stevens the calendar year 1881, and 
examining for the metropolis the mortality from small-pox, I 
propose to restrict my own observations to the experience h(^ 
brings about children under 10 years of age. I do so on tins 
occasion for two reasons : as I wish to take account of the more 
active enforcement of vaccination that began ten years ago ; and 
as I am not proposing now to discuss any question of wanuig 
influence of vaccination, or need of re- vaccination. 

The population of London tinder 10 was 916,784 on census 
night 1881. It divides, to speak in round numbers, into about 
55,000 unvacciuated and 861,000 vaccinated.* 

In 1881 the small-pox deaths of London among children 
under ten turns out to have been : (a) 782 deaths among the 
55,000 who had not been vaccinated; (b) 125 deaths amon<; 
the 801,000 who had been vaccinated. Upon equal numbers 



* For the grounds on which this numerical division of the population is made, T 
refer to the text of the above- quoted memorandum. The estimate of the number <>f 
unvaccinated is probably too high, making the rate of death among the unvacciuated 
lower than the truth. But I am anxious to avoid any appearance of exaggerating 
their death-rate. 

Dr. StevenB, " in fairness to the vaccination officers," directs attention to the fact 
that of the deaths among the unvaccinated there were 126 among children of thrtx^ 
months of age and under, — a time of their lives when many of them might indeed haw 
been vaccinated, but when they were not old enough to come within the sphere of 
the vaccination officer's duty. 

The fact of vaccination or no vaccination was learned in the case of two or 
three hundred of the deaths under 10, not from death registers but from hou^c 
inquiry made by the vaccination officers. In the case of 46 small-pox deaths, howev«*r, 
the fact could not be learned at all ; and the above figures,. 782 and 125, together full 
short of the total 903 by this number 46. 
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from small-pox is reported to have occurred among children 
under 10 yearn of age vaccinated by public vaccinators. It 
turned out upon inquiry that 12 of these 35 had never been 
vaccinated until after they had been exposed to small-pox infec- 
tion, when it was too late to protect them against catching the 
disease, and too late to modify its virulence. There remained 23 
instances, and only 23, in which the question arose, " Why did 
" public vaccination fail to protect from death by 8raall-}K>x 
" during the firet 10 years of life ? '* Dr. Stevens's notes enable 
a reply to bo given to this question in the case of a good many 
of the children, and they are worth consulting (Appendix, 
page 52), as showing to what small dimensions the faUnre oi 
public vaccination has dwindled. The record of small-pox deatlis 
among children under 10 vaccinated by public vaccinators now 
proves to be made up (a) of two cases that could not be traced, 
and, in almost equal numbers, by (b) cases where the child was 
ill of some independent disease before tlie occurrence of what 
was registered as small-pox (in a few it is doubtful whether 
small-pox was present at all), and (c) cases carrying scanty an<l 
imperfect marks on their arms though done by the public 
vaccinator. Tliere was one child, and only one, of whom it 
could be said that vaccination had apparently been performed in 
the manner contemplated by the Board's instructions, and yet 
had died of small-pox contracted while it was in its usual health. 
That there should be a stray case of the last kind is no wonder ; 
such cases find their parallel in those occasional instances where 
small-pox itself attacks a person, even severely, and yet leaves 
him liable to death from a second attack of the same disease after 
a few years' interval. 

We ma}^ ascribe, therefore, a part of the 35 deaths, but only 
a small part of this very small number, to unsatisfactory quality 
of vaccination, as done in some instances by public vaccinators. 
But, the very gi'eat bulk of the vaccinations performed 1)3- 
public vaccinators have been protective against death by small- 
pox during the recent epidemic, ajid the creditable account 
which Dr. Stevens brings from inspection of their actual work 
is endorsed by the evidence of the death returns. 

I would once again state explicitly, for general information, 
the extent to which London children have profited by vacci- 
nation, as they received the operation from the aggregate of 
medical practitioners during the recent epidemic. I shall con- 
tinue, for the reasons I have already given, to speak only of 
children under 10, and be content to ignore all question of 
advantage given by vaccination to persons of later age. 

It has already been said that in 1881, among the 55,000 
children who had not been vaccinated, there were 782 deaths 
from small-pox; among the 861,000 children who had been 
vaccinated, that there were 125 deaths from small-pox. 

If the London children under 10 who were unvaccinated had 
had the protection which the current vaccination gives, not 782 



MxDicit But can it be asserted that this saving of life has been too 

bbto^.^ dearly purchased, and that injurious effects of vaccinatiou 

AsmaiHet^)!! Counterbalance its advantages? The Registrar-General htvs 

SSie%*ofTOc^* recently, by an improvement in his nomenclature, enabled 

nation, account to be taken of all the deaths ascribed to vaccination 

and its consequences. A measure is thus afforded of the injury 
done by vaccination, careless and careful together, and the deaths 
thus recorded have to be set off against the saving of life 
demonstrably effected by vaccination. 

In London, in 1881, 12 deaths were registered as from " cow- 
pox'' and disease occurring after vaccination. Inquiry into the 
facts of the several deaths showed that the cause of death was 
with hardly an exception, erysipelas ; derived from one or other 
source and seldom even dating from the vaccination. 

Supposing all the 12 deaths had been justly attributable 
to vaccination, and had been \mavoidable results of vaccination, 
then 12 lives lost by vaccination have paid for the gain of 
12,000 children's lives that would, but for vaccination, have been 
sacrificed to small-pox ; not to mention any gain of security 
after childhood, afforded by vaccination in infancy. The priw 
has not, in truth, been so high as this; but the complete 
abolition of every such drawback to vaccination is the aim of 
everyone who appreciates the value of the operation. 

IV. — ^Inquiries as to Local Prevalences of Disease by 

Inspectors. 

Biir^Sr^* During the year 1881 an inquiry of much importance to the 

inquiry. genei*al sanitary welfare of the kingdom has been begun in the 

Medical Department. Dr. Ballard was engaged on an investiga- 
tion of the nature and causes of epidemic diarrhoea. The need 
for this inquiry, long seen to be pressing, had been made moi^ 
urgent by the unusually high mortality produced by the disease 
in 1880. 

Of the ten, twenty, or thirty thousand deaths from diarrha^a 
that are recorded each year in England, the great majority are 
contributed by young children, and the bulk of the moitality 
is in the third quarter of the year in the large towns of the 
kingdom. Among these towns, Leicester has for a long time 
been pre-eminent for its high death-rate from infantile diarrhoea, 
and it has accordingly been selected as the place in which the 
fullest study can be given to the conditions under which the 
disease prevails and proves fatal. At the same time, investiga- 
tion is being made into the circumstances of other towns in 
which infantile diarrhoea is present either to a similar extent 
or to a very different extent, and the conditions observed in 
Leicester and the several towns are being compared and studied 
together. A large scheme of inquiry has thus been organised 
by Dr. Ballard, and I have the satisfaction to repoi't that in 
pursuit of his object he has secured the interest and co-operation 
of many sanitaty authorities and medical officers of health a^ 



• ■ 

Xll 



MsDicAL specialities of incidence both in time and place, — ^specialities that 
bbpoet. had been noted by the local health officer and regarded by him jls 
indicating a relation to a particular milk service. Dr, Ballard's 
enquity confirmed this suspicion. He found the milk in question 
to have been obtained from healthy cows which were milked by a 
dirty servant living in a cottage crowded with cases of scarlatina. 
The distribution of the milk by this same servant (who carried 
it out to customers, dipping it out of a can) was found to coincide 
in a marked manner with the exce&sive distribution of scarlatina 
over particular localities in the town. The experience of this 
epidemic is one out of several indications, that the spread ol 
scarlatina is aided more commonly than is supposed by mis- 
managed milk-businesses ; and it confirms the policy of vefitin;:: 
in sanitary authorities the function of regulating such buhi- 
nesses. 

scarUtinamand A vcry high mortality from epidemic diseases, particularly 
M?sp2Sv***™' fi'om scarlatina, in the Durham Registmtion District, was tlie 

subject of inquiry by Mr. Spear. The part of his report wliicli 
deals with scarlatina takes cognizance of a special incidence of 
that disease, in its fatal form, upon the whole county of Durham : 
and Mr. Spear presents a number of considerations, principally 
involving questions of susceptibility and immunity, that have a 
more than local interest. This portion of Mr. Spear's report 
forms one of the appended papers (page 70). 

Boterio fevor A report presented by Dr. Airy on the causes of an outbreak 

Dr. Airy. ^™' of cutcric fcvcr at Blackbum, records how the public water 

supply of the district was liable to several local contaminations. 
Dr. Airy tells particularly of certain distant privy pits from 
which there had probably been escape of foul matters into a 
reservoir ; and how, if there had been such escape, it must needs 
have involved the pollution of the water by the specific material 
of the fever shortly before the outbreak. Comparing the jactiially 
observed distribution and intensity of the fever in the town 
with the distribution and intensity to be expected if the spread 
of the fever were -due to the oozings of the infected privies 
into the public reservoir. Dr. Airy finds some notewortliy 
resemblances between the two. (Appendix A, No. 12.) 

n^h^M^^\Sl ' ^^ interesting contrast to the Blackbum outbreak was a 
Dr. BUtfftiL * prevalence of enteric fever at Melton Mowbray that was tho 

subject of inquiry by Dr. Blaxall. In the former, cases of the 
fever were scattered about the to wn with a fairly equable incidence 
over extensive districts ; the peculiarity of the outbreak being 
jibe way in which the fever appeared simultaneously over large 
areas, and then disappeared as an epidemic after a few weeks 
of graduated prevalence. In the case of Melton Mowbray, 
the fever was found by Dr. Blaxall to have been confined to a 
particular portion of the town which It attacked with major 
intensity on three several occasions separated from each other 
by intervals of two or more weeks during which a stray case 
only occurred. Dr. Blaxall gives reasons for believing the chief 
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vehicle of ilutrihution of the fever-material in this case to have (^JJcii'i 

been not water or milk, nor air from particular privies (though all Hxrosr. 

these may have played a minor part), but air from a section of 

the town sewers that was not ventilated according to its special 

needs, and had, after rec^ving fever-infection, become choked 

b/ floods on three occasions, each preceding by a fortnight the 

time of special intensity of the fever. (Appendix A., No. 13.) 

Dr. Airy records (Appendix A., No. 14) the history of a family Bk!«rlieBr!d«t 
attacked by small-pox in Februaiy 1881 at Bourne Bridge in the nr.Airy. 
Ongar Union. A suggestion had been made that the disease was 
in some way related to diseased sheep, but this was disproved by 
Dr. Airy. For the rest there is nothing exceptional in the story 
of small-pox in the family, beyond the evidence of its lemarkable 
intensity. The chief interest of Dr. Airy's report on the case 
lies in the account he gives of a person resident in a second 
house, who got small-pox shortly aiPler the attacks in the first 
family, and in the evidence which has inclined Dr. Airy to 
think that the second house really received its infection from 
the first house, owing to the conveyance of inftctious matter 
by the wind over the iBtervening distance. 

Dr. Parsons, in pursuance of instructions to inquire into an JSlSS^iimonir 

outbreak of small-pox among rag-sorters at St. Mary Cray gf'^T^^ 

Paper Mills, had occasion to examine a variety of sanitary 

reports and otlier literature for instances in which infection has 

spread by means of rags, and he has made a reiK>rt on the general 

subject (Appendix A., No. 13). He gives the fi-equency of this 

occurrence as somewhat greater than it has been usually repre* 

sented, the observed infection being in almost all cases that of 

small-pox. lu his report he considers the way in which infected 

rags find their way into paper-mills, and the circumstances 

wfaicb influence the spread from them of infective particles ; and 

he states in detail, with a view to the practical usefulness of 

bis conclusions, certain precautions which can be taken in the 

mills for preventing the spread of disease from rags. Dr. Parsons 

has thus added a useful chapter to Dr. Ballard s re[)orts upon 

Trade processes in their influence upon health. 

V. — ^Vabious Administrative Proceedings. 

A great part of the year 1881 was spent by Dr. Thorne in an Honrftaireporta: 
inquiry into the use and influence of hospitals for infectious Mr.FowSr!^ 
<liseases, and Mr. Power was engaged for several months in an 
in vestigation of the influence of the Fulham Small-pox Hospital 
on its surrounding neighbourhood. Reports on these subjects 
7i«'ive already been submitted to you in supplement to the Tenth 
Axinual Report of your Board ; and at the present time, in so 
f;ir as these reports have concern for the Metropolis, they are 
under consideration by a Royal Commission. 

B 2199. b 
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In the early months of 1881, rumours as to the importation 
into Europe of articles of food derived from pigs infested with 
trichinae gave rise to some disquietude among the Euglish 
public, and were tlie occasion for very comprehensive action on 
the part of certain continental Govemments. In England> 
however, no evidence was forthcomiug that any disease, of the 
sort to be expected from the consumption of such articles of 
food, had occurred ; and under all the circumstances, the English 
Government was content to be on the watch, and to impress 
upon the public that they had in their own hands the principal 
means of escaping danger of tlie apprehended sort ; and this 
equally whether native or foreign animals were in question. 
In March a memorandum (Appendix A., No. 16) was prepared in 
the Medical Department, insisting on the importance of thorough 
cooking of meat as a means of security always available against, 
trichinous disease ; and this memorandum was distributed to 
sanitary authorities throughout the kingdom. In a short time 
public anxiety on the subject wore away ; and throughout the 
year, the Board with all the opportunities afforded by their 
relations with local health authorities, did not hear of any 
trichiniasis occurring among the English population. 

In the exercise of the functions habitually entrusted to the 
Department of advising on plans for hospitals, on proposals for 
byelaws, on questions arising out of health officers' reports and 
the like, local inquiry by medical inspectors has been undertaken 
on 29 occasions duiing the year. These were instances where, 
the Board's sanction being in question, information on local 
sanitary points was required by the Board. 

Such inquiries had reference to : — 

1. The appointment of district medical officers to be medical 
officers of health. Inquiries into proposals which had this 
object have justified the Board's objection to sanitary duty being 
regarded as attaching in anywise ex officio to the business of a 
district medical officer; and they have also led to a strong 
general preference for single over multiple officers of health in 
the case of sanitary districts having the constitution of the 
present country districts. 

2. The combination of several sanitary districts for the pur- 
pose of employing the same medical officer of health. In the 
one local inquiry of this sort that was made by the department, 
particular areas were adequately served by their health officers, 
but others were not 60 ; and combination promised to afford to 
all and each of the districts, without extravagant cost, the 
services of an officer who should be specially skilled in sanitary 
knowledge, and who should have the peculiar facility for putting 
such knowledge to its best use that is possessed by a health 
officer independent of private medical practice. 

3. Local hosj)ital accommodation for infectious sickness. 
Seventeen inquiries into this subject matter were made by 
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medical inspectors; with reference to (ft) suitability of proposed .^^/l^^^?* 
sites for the purchase of which sanitary authorities desiro<l to ittroKT. 
l»<>rrow money ; (/^j the transfer of existini^ buiMings to serve as 
Ijos'pitaLi for sanitary authorities; (c) proposals for joint lue of 
hospitals by combining siinitary autliorities. 

4. A variety of medical questions involved in proposals for 
byelaws, in modifications sought to be made in existing byelaws, 
in the choice of nit« for cemeteiy, in the adiuinijatration of 
slaughter-houses. 

It has been my duty on several occasions during the past TT^Tr''^'^ 
year to a<lvise 3' our Board respecting tlie sanitary powers proper ninoMsc 
to be conferred by special legi^lat'on uj)on local authorities in "^^''*^'^^**'"- 
extens-ion of the provisions of the Public Health Act, 1875, and 
other general Acts. One of the more usually desired powers 
of this sort has been tliat of o])tainin5: immediate information 
of the existence of infectious disease in any house. Seeing how 
greatly the usefulness of sanitary action in respect of this class of 
disease must depend upon early knowledge of its j)resence, I 
have had no hesitation in advising that this power miglit pro[)erly 
be possessed by any sanitary authority who wanted it, and who, 
leaving made adequate arrangements for securing isolation and 
disinfection for the district, was prepared to put to effectual use 
tlie knowledge which a system of disease notification would 
afford.* A variety of other sanitary powers relating to inft^c- 
tious disease have been applied for by one and another health 
authority. The conditions for the enforcement of these powers, 
and the extent to which the public health is promoted by the 
exercise of them, will deserve careful observation in the future. 

Tlie new Code of the Education DeT)artment of the Privy s«hooiciosi 

Council, dated March 6th, 1882, contains a ])rovision ol import- of .scholars. 

a nee in local sanitary administration. Article 98 instructs the 

managers of public elementaiy schools throughout the country 

to conform to any notice they may receive from the local sanitary 

authority, requiring them to close the school or to exclude any 

>ciioJars from attendance. There can be no question that tho 

]H)W"er thus conferred on sanitiiry authorities will, in certain 

/rycaJitie.s and during particular e|>idemics, be of great advantngo 

in preventing the dissemination of infectious disease, and it is 

f/Toper that the power should be vested in them. But I may 

^ e allowed to indicate the necessity on the part of sanitary 
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• Question has also arisen as to the propriety of investing all sanitary authorities 
w ith the Siinie power of requiring notitication of inicctious disease, but it will probably 
>♦• d»-sirable to await further exptrience before this is atfirmed. IltTfin I would 
•>?..r\'e that very few sanitary authorities have mmle byelaws in this subjoct-nmttir, 
i.d'.T the powiTS of sect. 90 of the Vublic Health Act, 1875. Such byelaws would, 
t is true, have had application only to the case of hous^n* let in lodgings ; but this 
;; |.r»-t.-iii<dy the class of houses where roost direct advantage from diseji.se notitication 
- ro \m^ exp<?cted. It is to be regretted that we are without experience of the 
. .rits and failures of a system which requires — as conoern>« this pitrticultir class of 

.*n^*j. that the householder should report to the sanitary authority the occurrence 

' i-u^so** of infectious disease. 
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authorities and their medical advisers for an accompanying sense 
of responsibility in their dealings with schools. Heretofore it 
has not been uncommon when measles or scarlatina has appeared 
in a district to propose the closure of schools as mere matter 
of course. Henceforth, when the representations of saoitary 
authorities will be, in a measure, binding on the managers of a 
school, the sanitary authority will ask to be shown a clear 
prospect of sanitary gain before interfering with the educational 
operations of their district They will need to feel the reasons 
why closure of any particular school is to be desired, and why 
the object of hindering infection is npt to be attained by the less 
comprehensive measure of prohibiting the attendance of children 
from houses or streets that are known to be infected. 

During the year i*epresentations have been received from the 
North-Westem dissociation of Medical Officers of Health and 
from others desirous of putting their experience to the best use, 
to the effect that there would be advantage in the issue by the 
Board of model forms for the analysis of local statistics, in 
addition to the forms already appointed for the use of officers of 
health who are subject to the orders of the Board. The 
memorialists h.ad in view two principal objects; the one to 
ensure a general record of rates upon population as well as 
actual numbers of sickness and mortality ; the other to secure & 
general uniformity and comparability of the statistics of one and 
another district. In advising the Board respecting this proposal, 
it has been my duty to consider, not only the abstract desirability 
of the objects sought to be attained, but also the expediency of 
the proposed means of obtaining them ; and I have not thought 
it desirable that the Board should issue more forms to be BUed 
as matter of duty by all officers of health who are subject to the 
Board's orders. As respects tabular records of rates as well as of 
actual numbers, it has appeared to me that such rates as are 
worth the reckoning are at present habitually recorded by local 
health officers: rates that are not stated being commonly rates upon 
small populations during short periods of time, such as are of no 
significance for any general purpose. As respects the second 
object which the memorialists seek to attain, I need hardly point 
out that the holder of my office has a very peculiar interest in 
encouraging all legitimate uniformity of tabulation. He, at least 
as much as any officer of health, is concerned with comparisons^ 
and contrasts and with the lessons they teach. Aind the fact of 
two tables being already appointed for use throughout the king- 
dom may suffice to show that uniformity is valued, while the 
object of assisting less experienced health officers in noting tho 
statistical points most deserving of their attention is fully held in 
view, llie only question can be as to the extent to which such 
uniformity should be enjoined upon all officers of health. !No 
doubt the reader of local health reports is conscious of perplexin:: 
differences of tabular statements, differences that at first sight 
appear avoidable. But the local usefulness of these reports is 
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oJffc^g And just as this previous knowledge has always lain at the 

Rbpobt. very basis of our care about organic purity of water, so with 
advance of our knowledge we have learnt that among animal 
impurities of a nasty kind, one differs very much from another 
in its power to give a morbific quality to water. We have 
come to be especially desirous of avoiding such impurity, if any 
part of it can have been derived from the bodies of i>ersons 
suffering under communicable disease. 

If we could be sure that waste products contaminating water 
were by no possibility derivable from any but healthy bodies, we 
might perhaps run no very serious risk if our water were as foul 
as that of the Holy Well of Mecca, — stuff saline with urine and 
yielding to analysis " nearly six times as much animal matter 
as is found in the same volume of strong London sewage.'** But 
with the introduction of the idea of specific disease the conditions 
are totally changed. We do not know how small a quantity of 
material that has been in relation with such disease nwty, when it 
gains admission to a healthy body, suffice to produce like disease 
in that body. We have no reason for believing that the quantity 
of disease-producing material in a water, or the likelihood of the 
water possessing harmful qualities, is proportionate to the total 
organic matter or to the total animal matter present in the 
water. The utmost we have been able to say is that there has 
been greater oppoi-tunity for the entrance of the material of 
disease into water that can be recognised by the chemist as 
foul with organic matter, and we have surmised that the 
material of disease on entering such water may obtain oppor- 
tunity of sustaining or multiplying itself. 

for*anaiyiS'5^ ^ proceeding to study afresh the nature of the evidence 
poiSuo^^ derivable from chemical analysis of water, as at present con- 
ducted, Dr. Cory prepared a series of samples by the intentional 
addition of various polluting matters in known quantity to 
certain known waters, and submitted these samples w^ith 
specimens of the original waters to Dr. Dupre for chemical 
examination. Also, when processes regarded by particular 
chemists as of special value were in question, he had the ad- 
vantage of obtaining from these chemists themselves, differential 
analyses of his polluted and unpolluted specimens. 

Dr. Cory kept accurate note of each step of his proceedings, of 
the results announced by the chemists, and also (though these 
have to be regarded as little more than incidental) of the micro- 
scopical appearances observed in his water samples ; and he has 
put the facts on record, with comments upon the particular 
experiments and upon the whole series. 

faiue^Sf^^vcrai Among the processes ordinarily made use of for examining 
prwts8c». the organic matters present in drinking water, Dr. Cory assigns 

a certain inferior value to the Forchhammer permanganate tt^'^t 
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for oxidizalJe inatteni, regnrdiiig it a> u^'fol w!.en certain known xr-irAi 
fniiJitions are fulfilled. And he would a-v^i-^ a siiuiLir va'.ne to itif lt* 
the more del icjite Wank l\Ti proce^^s for *'a'K'viniin-»:d arott."nKi " 
tin -ting it to show much n^pectin;^ the r<.*lative dr^re^s <»f 
p«'llntion in samples c^jntaminattrd with the ^arne kicd of 
material. But Dr. Cor\' distinctly trive-* i^rKf^nmce f^ t],e 
(Combustion processes ; those, namely, which aim at dvitrrmiLin^ 
tiie amounts of carlx)n and of nitro2"en [.rv-^ent in the ^rjanie frul»- 
stances of water. Exj^eri men ting with rnaterials, a.l-imenand 
nrea, of which the composition was knuwn. Dr. CV»iv f«»und 
tli«^se processes to indicate with a c«jn.sidtrra*le d'.\ZTk:e A 
accuracy the tiiie amounts that he ha*i a^idt-^J to hi» sampler* of 
water ; and to show the ratio between the el»rmentary carl»*n 
and nitrogen with a close approach Uj the truth,* 

Many of Dr. Corj-'s observations had refer»fnce to ex{-»-ri- 
inental contamination of waters with the st^^oU cf trnt^r-rie if^y^r 
patient?. There is peculiar practical interest in thrVf observa- 
tion^, owing to the sj^ecial faculty of this di-^ase Vj ^\*t*a*1 by 
means of drinking water. Whatever mav have l^ren ti,e orijin 
<'f the maJadv apart fr>ra an antecedent ca/^, ev^rvboiiv i* 
fb miliar with instances where extensive epidemics havtr l*-t;n dae 
to the accidental intro<luction into driiikin^ water f'i matters 
evacuated fpjra the bowels of j^enson^ pr»^vi'ju-!y i:l of t/je 
ui>ease. I select therefore fr«>m Dr. Cory's }i^\n»rt some lui^mj^ 
t'lon that he and Dr. Dupre arf »rd nr-5j»ectinjr the rersulb* of 
int#^ntional water jK)llution by the stooLi of j>Ati»rnt» hikvlug 
^^In^f lie fever. 

It is foond in the first place that to the ci^ui'inary met ho- L- of t^ ^n*. x. u 
r-'ie/iiical examination, there i-» notliins: to d.•t;:lJ^J:'»h ti*is Z,-^- 
'.•'•ilution from any other excrc^menta' p-alati-.Q ; fvi* t<*e circum- •-"*••'- 
-lance of the chemical evidence of a iVver stool briiij -srr.a.ler in 

fiount than th«jse of an equal rpiajuity of heaiiLy .-t'y>l of 
-n'^ consistence d«»es not aid in the distinction. In-^rrrd '^^u^t- 
: '*l\y, E>r- Cory's rej^K>rt gives no indication that chtii.!«trj' can 

- j whether a healthy or a di-ea^^l l->iy has l^^ren the feoirce 

I anv foulness obser%*ed in water. 

TLLs is true of all the pr-x^'-^^s which have l-^ren p'jt on th*-ir 
l.tl in the course of Dr. Corj's ol«ser\atioriS. b-it in quoting 

;.'. information he brings re5j»ecting the chemi'^l results of 
eoiric pMjllution of water by enteric f»rver iit^j(jU. I ^KaIj ctm- 
TiJtrTjtly restrict my comments to the proc»^s wf >:h Is iL^'^t 
;.uiarly tru-ted ft»r the rec<:»gnition of aiiimrJ in-p-irity ; t*^*e 

;; unt of " albimjinoid ammonia" yi#;jd*.-.J by t:je wat^-r. 

: . \'ing' this process to a wat»rr i^hich had been \'i:\'fnf:\w 

jiut-tr*! vrith CLteric fever st':ol in the proj-Tti-.n of a ^-ra n x/j a 
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mkdical gallon,* Dr. Dupr^'s analyses show a resulting increment of 
^rbp"t? albuminoid ammonia (on an average of experiments) amounting 
to one thousandth of a grain (• 0010) in the gallon ; or, what is 
the same thing, to fourteen thousandths (*0l4)of a part per 
million parts. A particular sample of water purposely con- 
taminated with the filtrate from 3-5 grains of fever stool to the 
gallon was submitted along with a specimen of the water not 
thus contaminated to Mr. Wauklyn, the chemist by whom the 
albuminoid ammonia process has been developed. The increase 
resulting from this pollution proved to be * 020 part per niilliou 
for the 3'5 grains, or '0057 part per million for each grain of 
the contaminating stool added to the gallon of water ; something 
less than in the average experiment with filtrates. 

It is worth while to r^ard these chemical experiences in their 
application to an actual case, for the sake of a better understand- 
ing of such figures. In an outbreak of enteric fever at Cater- 
ham two years ago,t nearly 200 earlier attacks were traced, 
upon evidence that did not admit of question, to the nse 
throughout a particular fortnight, of water that had been pumped 
from a well in which a man having enteric fever had been at 
spedflopoUutioii work. Some excremental matters from him had by accident got 
B^os amount, Into the Well. Now I learn through the Chairman of Directors 

of the Caterham Waterworks Company that 1,8G 1,000 gallons of 
water were pumped from the well during the fortnight. If the 
water had for the whole fortnight contained one grain of exjcre- 
mental matter per gallon, this would have meant that 19 lbs. of 
excrement had been added to each day's supply of water. It is of 
course out of the question that the man evacuated any such 
quantity ; neither is there any reason to suppose that every gallon 
received the same amount of contaminating matter ; but the story 
may serve to show that in speaking of one grain in the gallon, 
we speak of a very large amount of polluting matter present in 
the water. It may be thought of as an amount not likely to 
have been exceeded in the particular samples of Caterham water 
that did actually produce disease in the individuals who drank it 

In Dr. Cory's experiments, then, with one grain of enteric 
fever stool per gallon, we see a water thus largely befouled by a 

* The polluted waters were allowed to deposit their coarser particles and were 
decanted from their sediments before being submitted to analysis. In other casts 
filter pttper was used to separate visibly foul matter from the water, and the filtrate 
WM sent for analysis. Filter paper will not remove from water thus befouli-d 
the finer particulate matter, that in which the dangerous quality of the water 
probably resides. It was found that filtrates thus prepared, when compared with equally 
pollated waters that had been merely decanted from their sediments, yielded a 
smaller quantity of albuminoid ammonia; less on the average in the proportion of 
10 to 7. — If anyone should think of any filtration as customarily conducted, that it 
may be expected to affect to a material degree the ability of specifically pollated 
water to produce specific disease, he must be unacquainted with the observations 
made in relation to the notable epidemic of enteric fever at Lausen in Switxerlaud 
in 1872. 

t Supplement to Board*s Ninth Annual Beport, containing report of Medical 
Oncer on the year 1879. 
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most dangerous material ; and the indicatiou of tliat befoul- oiTicER^i 
ment, when expressed by the chemist, in ienstH of albuminoid Repobt. 
ammonia, is the figure '014 part per million parts of the water. wcr-njiiM-ntwitii 
Wherefore it is not permissible to accept the doctrines which •>lmr of 
haveheen formulated from the amount of albuminoid ammonia '^^^*^^' 
present in an otherwise unknown water. Polluting material, 
potent for harm, may be present in a water ** yielding from 
"00 up to '05 parts of albuminoid ammonia per million/' with- 
out removing it from the rank of waters of " extraordinary organic 
purity" ; and we assuredly have no evidence, in the case of an 
unknown water showing from '05 to * 10 parts of albuminoid 
ammonia per million, that it is " safe organically/' 

The lesson is taught afresh and significantly by Dr. Corj^'s 

report that while we must ever be on the watch for the . 

indications that chemistry affords of contaminating matters 

gaining access to our waters, we must (at any rate until other 

methods of recognition are discovered), go beyond the laboratory 

for evidence of any drinking water being free from dangerous 

oi^ganie pollution. Unless the chemist is well acquainted with 

the origin and liabilities of the water he is examining, he is not 

justified in speaking of a water as " safe " or " wholesome/' if it 

contain any trace whatever of organic matter ; hardly indeed 

even if it contain absolutely none of such matter appreciable 

by his very delicate methods. The chemist can, in brief, tell us 

of impurity and hazard, but not of purity and safety. For 

information about these we must go, with the aid of what tiie 

chemist has been able to teach us, in search of the conditions 

surrounding water sources and affecting water services. 

Dr, Klein has been engaged on an investigation into the f^^^^^^P^"^ 
relation of pathogenic to septic bacteria, with the result of niiert>-onqiaianis. 
adding to the probability that these micro-organisms arc either ^^' ^'®^°' 
not transmutable the one into the other kind, or ai*e, at any rate, 
less readily transmuted than has been supposed. 

Cultivating disease-bacilli in organic liquids and in gelatini- 

ibrm organic substances prepared in his laboratory, Dr. Klein has 

found (as Dr. Koch found before him) appearance of changes, 

both in form and potency/ to be imdergone by the bacilli. Of 

sorae such apparent changes, Dr. Klein has shown that they 

were really due to the presence, in the cultivation-material, of a 

new bacillus accidentally introduced; and he points out that a 

mere overgrowth of the one bacillus by the other, as com may 

f>e overgrown by weeds, is not to be confounded with a true 

hange in the original organism or in its own inherent qualities. 

Tlie specific bacillus of a disease, as illustrated by the case of 
nthraz, has indeed in the course of its own proper life times 
t nd occasions of remarkable change in its powers. These are 
• lore particularly two : — 

(1.) Dr. Klein finds reason for attaching greater importance 
'.an had before been assigned to the occurrence of spore- 
It 2199. n 
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oSi?Si?8 formation in the bacillus. In inoculation experiments with a 
Kbpobt. material containing anthrax hacilli, it is found that an altogether 
new virulence is acquired by the materisil as a consequence of 
the formation of spores in its bacilli ; and Dr. Klein in demon* 
strating this fact is able to show, by some important new 
observations, that the formation or non-formation of spores in 
the bacilli is largely a matter of definable circumstance and 
condition. His results herein appear to indicate some new 
departures in tlie investigation of the whole subject 

(2.) After several weeks of growth of anthrax bacillus in aoy 
given specimen of Dr. Klein's cultivation-material the anthrax 
bacilhis undergoes degeneration; from exhaustion, it would appear, 
of the pabulum on which it had lived. The change affects more 
and more tlireads of the bacillus, and goes on to affect the 
appearance of the preparation as well under the naked eye as 
under the mici'oscope. As this degeneration proceeds, the 
material ceases to injure with certainty the animals into '^diich 
it is inoculated. But if any effect at all be produced by inocula- 
tion of the degenerating material, it is just the same injury or 
the same fatal result as would have been produced on the animal 
by inoculation of the material before degeneration processes had 
begun in it. The change is in the number of active bacilli^ not 
in the potency of the several bacilli. 

The foregoing changes are those occurring in the course of one 
cultivation, and in Dr. Klein's observations they are found to 
occur in exactly the same mtmncr in each of several successive 
cultivations made by inoculating successive samples of his culti- 
vation-material, each from its predecessor. 

Through ten, twenty, or thirty cultivations extending over 
many weeks, Dr. Klein has grown the bacilli of anthrax at 
temperatures ranging between 22° and 42° 0. under conditions 
especially arranged for securing accuracy and intelligibility of 
result ; and (similar stages of each cultivation being taken for 
comparison) each successive cultivation has shown him, on the 
rodent animals that he has made the subject of experiment, 
results identical with the cultivation that preceded it. In the 
course of these successive cultivations, made after the manner 
that M. Pasteur and others believe to produce attenuation of 
virus. Dr. Klein has not been able to discover any indication of 
such a loss of intensity as shall allow of the material of a late 
cultivation being put into the body of an animal without killing 
it or doing it serious injury, but with the result of thenceforth 
protecting it against death by anthrax when the poison of the 
original disease is inoculated into the animal Thus Dr. Klein 
without throwing doubt on the discovery by Pasteur of a material 
protective against fatal anthrax in the sheep, would guard his 
reader against generalizing from Pasteur's experience, and against 
inferring from it that an '' attenuated " virus can be had by 
the recognized method of successive cultivations in organic 
liquids at 42° C. There is something more than this wanted 
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omcM^ B. No. 5) he makes further examination of some Substances which 
rbport. Jiad previously been recognized, and demonstrates some new 
compounds and reactions. He has made progress with the 
quantitative analysis of the human brain, and tabulates some 
130 data respecting the chemidstl components of the several part^ 
of the encephalon. 

I have the honour to be, 
Sir, 
Tour obedient servant, 

Oeobge Buchanan. 

June, 1882. 
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APPENDICES. 



APPENDIX A- 



DiOEsrr of the Vagcik atioh OrncERs' Rrrinuffl, with recrard to ^f^^ ^ ^«*ci- 
CfliLDBni whose Births were registered in the Tear 1879. Betunu. 

The followii^ is the eighth annaal return under the Vaccination 

Act, 1871. Of 880,222 births returned to the Board by the several 

Vuccination Officers in England and Wales as registered daring the 

year 1879, the number which at the time the return was made had been 

recristered as successfullj vaccinated was 756,835 (being 86*0 per cent. 

of the whole), and the number registered as having died before thej 

could be vaccinated was 78,478 (or 8*9 per cent, of the whole). Of the 

remaining 44,909 children, 742 (or 0*084 per cent, of the whole) had 

been r^;i9tered as insusceptible of raccination ; 26 (or 0*003 per cent.) 

as having contracted small-pox before thej could be vaccinated ; 6/>70 

(or 0'76 per cent.) as having their vaccination postponed by medical 

certificate, leaving 37,471 (or 4' 8 per cent.) as ** removal," "not to 

be traced,** or otherwise unaccounted for. If from the 880,222 births 

returned by these Officers, deduction of the deaths without vaccination 

}^ first made, it appears that of the surviving 801,744 children, there 

were roistered at the time of the return 94*4 per cent, as successfully 

vaccinated ; 0*096 per cent, as either insusceptible of vacx^ination, or as 

] laving had small-pox ; and 0*83 per cent, as under medical certificate 

of postponement ; leaving 4*7 per cent, as at that time still unaccounted 

tor as regards vaccination. 

Of the 37,471 cases which this last per^^entage represents, the 
majority were children who could not be foond by the Vaccination Officers, 
I'^uallj' because of the removal of the parents from the place of birth. 
1 h€f remaining cases in the last column (with the exception of a 
f^rtain number in which vaccination had really been performed suc- 
*'>i>f ally, but which could not be registered as vaccinated on account 
( t he I^al certificate of vaccination not having been received by the 
'aocination Officer) were cases which at the time of the return were 
i 11 imvaccinated in the union or district of birth. 
Xbe results continue to be less complete in the metropolis than in the 
st oF the Kingdom, and the proportion of cases unaccounted for in the 
etrop<ditan returns for 1879, is 7*8 per cent. 

B 91M. A 



app.A.No.1. The percentage in the rest of the kingdom, which was 4*3 in IBI^ 
Digest rfVacci- was 4'5 in 1879. Of the registered births of the eight years 187^79, 
SeturiSf^^'^ the proportion not finally accounted for in regard to vaccination in 

each year respectively has been in the metropolis 8*818*798*8,9*3, 
6 * 5| 7 * ly 7 * I9 atid 7 * 8 per cent,, while in the rest of the kingdom it hoi 
been only 4-5, 4'2, 4'1, 3*8, 4-0, 4-1, 4'3,'and 4-5 per cent In 1879 
the proportion of cases unaccounted for, after deduction of the post* 
poned cases, in the metropolis and in the rest of the kingdom, was 7 
and 3 * 8 per cent, of births respectively. 
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— . 


20 4 


„ Kallanl. 




..Nrhury 


1 


1 


— 


— . 


—- 


2t 18 


.. Stvvfim. 




'1 . . 


6 


s 


— > 


2 


47 5 


70 S 


Mr. SjR-ar. 




^:nu - - . 


8 


3 


— 


11 8 


IS 16 


¥^ M 




■' -.rthen 


8 


7 


— 


2 4 


23 1 


70 14 


IX). 




ir\on • 


5 


— • 


— 


— 


^ 


— 


Dr. Parwns. 




iKihdArrinf^ton 


3 


— 


— 


7 


13 


25 7 


„ Airy. 




* • • 


4 


I 


— 


— 


— > 


1 4 


« Hlaxall. 




• V • m m 


4 


9 


■— 


18 


8 16 


\^ 14 


„ St*\ciii. 




^finl 


10 


8 


— 


8 3 


14 2 


55 3 


m Airj-. 




'••f - - . 


2 


2 


— 


31 3 


'i'J 16 


\lt) 19 


» St»;vena, 




'.• r - - - 


3 


1 


.1. 


~- 


_ 


7 10 


,. K«tird. 




■' v-l»-Sireet - 


2 


2 


«. 


67 8 


72 7 


129 15 


Mr. SjM ur. 




■•• rt .n 


8 


5 


— 


10 


12 8 


44 10 


Dr. Airy. 




'.. >;.-r 


1 


1 


— 


_ 


— . 


10 i 


^ St«'V»*n». 




■rii'im - 


7 


4 




2 S 


16 


•29 3 


„ Bl&xjilL 




'iT-Vorton - 


4 


8 


_ 


5 19 


U 12 


2il 2 


Do. 




' n • • 


12 


11 


-. 


4 Iti 


51 1 


2H<1 10 


M D« ard. 




>r.T 


1 


1 


_ 


1.^ 


.~~ 


W'> 


M Airv. 




•- St., Major - 


6 


3 


— 


12 S 


U 7 


39 11 


^ KMllunL 




. > I'-n 


4 


3 


— 


7 7 


37 16 


71 17 


» Il'-nnL 
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2 


^ 


— 


— 


— 


— 


» I'MTfima. 




.1 • • . 


a 


— 


» 


— 


— . 


— . 


IK>. 




r ..k • - 


6 


4 


_ 


2 


6 15 


14 11 


„ St.v»ns. 




veil - . 


2 


1 


— 


— 


_ 


12 11 


Mr. S|H jtr. 




^- Mful Woot- 


3 


2 


_ 


6 15 


19 8 


24 3 


Dr. lilaxaU. 




•■ -»«-'tt. 


















>• >ti • • • 


6 


6 


^^ 


2 13 


11 4 


36 15 


, Stevens. 




rJ - • - 


5 


5 




13 1 


20 17 


H»7 2 


Do. 




• • « 


2 


1 


— 


— 


— . 


m 16 


„ l{<nnl. 




' < • V * 


6 


3 


— . 


6 3 


17 6 


33 7 


„ lilaxull. 




' 1 rv - - - 


11 


7 


m^ 


10 10 


30 6 


133 2 


M )J<'ir(l. 




, v • 


6 


4 


~. 


Q 12 


S 14 


30 6 


„ l':irsf»TlS. 




.vti.r 


6 


3 


— 


4 


6 10 


16 17 


„ HIaxnIl. 




» '« «' 


4 


2 


— 


2 10 


5 13 


S 3 


» St»'\taa. 




\v - 


6 


3 


— 


8 9 


S 12 


22 13 


p. Airy. 




rj . . - 


5 


« 

«# 


""" 


24 18 


33 7 


54 5 


Mr. SjM-ar. 


• 


• '1 - . 


6 


2 




28 4 


41 14 


m IS 


Do. 




' .•»? 


4 


4 


-~ 


2 13 


32 17 


12 13 


Dr. Ht»veni. 




' «.tca<l- 


6 





-.. 


4 U 





S.3 18 


Do. 




. > • 


7 


7 


.^ 


3 7 


12 9 


55 6 


Do. 




1 • -ton - 


3 


2 


.~ 


11 iTi 


IS 7 


27 2 


Do, 




... 


6 


4 


~ 


5 10 1 


3S 14 


61 15 


Do. 




... 


7 


4 


— 


3 


12 


19 11 


*. Airy. 




... 


10 


6 


_ 


4 3 


12 


29 17 


D<i. 




^ • « 


1 


1 


"^ 


"" 


"■ 


49 10 


„ btcvcna. 




rJi - - - 


4 


1 




_ 


_ 


5 15 


„ Tijillanl. 




-in 


4 


4 


— 


2 14 


30 


67 19 


„ S to vol IS. 




-? - - • 


4 


— 


— 


— 


.^ 


— 


„ I'arsons. 




I i - 


S 


— 


— 


— 




— 


Do. 




... 


4 


— 


*— 


— 


•^■" 


— . 


Do. 




ho - - 


5 


4 


"^ 


10 4 


19 7 


59 


(, Bcurd* 




.*l - " - 


S 


2 




25 2 


94 18 


120 


Mr. Spoar. 




^» t ., in the 


1 


1 


— 


— 


— 


96 


Dr. Stevens. 




■1', ftt. - - 


6 


2 


.ii. 


6 8 


13 6 


19 13 


», Bnllnrd. 




- - - 


3 


2 


_ 


8 


20 


29 17 


]Mr. }<|H'ar. 




: 1 cl and Milton 


1 


1 


^^ 






30 13 


Dr. Stevens* 
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Inipeotlon of 
Public Vrwel- 
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CSION. 



No 


.Of 




1 


TaocinMioa 


RftnsQ of Awsrds 


Contnctors 
recomnMmded 


iu each Umon. 


for Award. 


1 


II 


it 


Mini- 


Ibxi- 




Uttin. 


mam. 



Total CNim 

awarded 

iuthe 

Union. 



Xnntwich - - - 
N'lrberth - - . 

N'lWoafitlO'in'Bmlyn 

V^'wctsiJeom-iyne - 

S'evrhaven - - • 

Viwinaitefc 

^'' wtown and Llan- 

""rth Aylesfoid 
'•'•rth Witehford 
* <if)eaton • • . 



M«Ihain 

naar 

rmjikirk 



\i>ra 



KJdin^ton 
meras, St. 
"1 broke - 
iizanre - 
t worth - 
wsoy 
:it.inlawe 
Mt\i)ridd 
-> - 

! stwich » 



Inith - 
uvaser - 
^^ri'^«re - 
hiJMe - 
♦■iford - 
Mford - 
uuey Kanb 

r hy • 

:«'om - 



^>n AVaJdai 

ford - 
fktir, St. 
. lieM - 

ri<Kl.k8 - 

N sbury 

f !■*-•/<! - 

i>'>mo - 

Mill 

> rirn - 
niai? - 

v^rtl-on-Avon 

ton 

f'rland 

sea 



8 
4 
7 
6 
9 
S 
5 
8 
4 

S 

4 
S 



6 
« 
7 
6 
1 



i 
1 
« 

4 
6 
2 
8 

4 
4 
8 
6 
ft 



6 
2 

S 
6 
6 
7 
3 
6 
8 
4 
3 
3 



7 
3 
5 
5 

4 
6 
8 
6 
2 
3 
4 
4 
5 
3 
7 
2 
4 
5 
8 



4 
1 
3 

4 

4 
5 
6 
2 

2 
3 



3 
3 

1 



2 



3 
2 
2 

3 

2 



4 
3 
3 
3 
1 
ft 
1 
6 
2 
2 
2 
2 
8 
2 
4 
1 
3 
3 
3 



£ 
ft 



7 



9 16 
2 9 



27 14 
18 
ft 15 
2 8 



22 13 

10 16 

3 3 

2 12 

29 1 

10 1 

ft 4 



6 8 
3 ft 

2 7 

3 8 
1 14 

19 6 



12 10 
6 11 
3 1 

6 

1 



6 

6 



ft 

4 



1 IS 



£ «. 

4S Ift 










BS 7 
6 10 



12 11 

7 11 
3 



48 17 



51 11 
11 ft 

18 11 

19 4 













34 
7 

10 
81 
13 
12 



7 
2 
4 
8 
fi 




0,82 

; 80 1ft 










7 12 
6 2 



1 1ft 
63 10 

2 18 
43 12 

3 7 














4 

8 2 

81 14 



17 11 

26 12 

ft 12 

38 17 



58 1 
28 17 

6 2 
12 13 

8 3 
36 14 
50 13 
1ft 1 







30 U 
18 2 










82 11 

16 12 



38 14 

47 18 
11 18 



ft0 16 
39 8 












9 15 68 2 
8 6 I 86 14 
7 11 9 16 



18 8 . 29 16 












17 7 
1ft 13 



18 17 

141 1 

11 13 

69 18 

10 6 














8 7 

42 18 

120 



£ «. d. 

71 9 6 

12 11 6 

87 6 6 

28 9 

IM 4 

20 7 
ft4 16 

21 12 

B7 18 

31 2 



63 3 

63 1ft 

36 

42 1ft 



93 13 


« 


306 13 





62 1 





70 4 





20 9 





12 16 





60 4 





23 6 





23 8 





18 17 





176 9 


e 


180 11 





23 8 






91 6 
ft 7 

18 18 
120 17 

37 

32 10 
7 6 

48 3 














28 3 
21 1ft 



8« 4 





331 11 





22 7 





284 2 





10 9 





38 17 





12 8 





202 7 





35 8 





9 3 





18 19 





3 





80 9 





•68 17 





29 13 





14 1ft 





17 4 





80 6 





259 10 






Inii^ector. 



Dr. Beard. 
Mr. Spear. 

Do. 
Dr. Airy. 
Mr. Spear. 
Dr. Stevens. 

Do. 
m Airy. 
« Parsona. 

„ Stevens. 
M Airy. 
m Fanons. 



» Beard. 

n Airy. 

„ BeaitL 

M Airy. 

t, Blaxall. 



M Sterena. 

Do. 
Mr. 8p(>ar. 
Dr. Ballard. 

w Stevens. 

M Blaxall. 
Mr. 8] 



Dr. Blaxall. 
., Parsons. 
„ Beard. 
Do. 

« Pifirsons, 



„ BallanL 
Mr. Spear. 
Dr. Airy. 

I, Beard. 

• Airy. 
Do. 
H Stevens. 
m Thome. 
M Parsons. 
M Beard. 
„ Parsons. 
„ Stevens. 



1. Airy. 
n Stevens. 
» Airy. 
• Stevens. 
Mr. Spear. 
Dr. Stevens. 
» Blazal). 
M Stevens. 
Do. 
Blaxall. 
Parsons. 
Do. 
H Stevens. 
Mr. Spear. 
Dr. Parsons. 
,, Ballard. 
„ Blaxall. 
Mr. Spear. 
Do. 



*» 



Arr.A.Xo.2. 

Inspetlionor 
Publio Vacci- 
nation. 
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No. 3. 

iSlATISTICS OF THE NATIONAL VaCCINE EsTABLISUiTENT AND 

Educational Vaccination Stations. 



A pp. A. No. 5. 

Xationil Vncnr.? 
EHUbtulimeiit. 



Ifl. — Staff at end of 1881. 

K.6.— The statioDB named in itaiics are Edacational Vaccination Stations 
anthorised bj the Local Government Board. 



Name. 



VaccinatioQ 

Statioas. 



Days «nd Hoars of 

AtWncLince. 



Liecinators" 
Mjpplying 
i^njph for 
fhe public 

''.'ilaried [ 
from the 
P a r I i a- 
fK'Dtary 
rant. 



roehial 
tul other 
» act'iIia- 
''r* not 
aiaried 
Tiyjn the 
'arl i a- 
li-ui ary 
ra n t,- 
ut con- 
ilnit ing 
jfjph at 
lixed 
lie of 
jvment. 



.-I 



liorM 
[iccina 
>n not Y 
pplying 
[ii ph -J 



1. I>r. R. Cory 

2. Mr. W. E. G. Pearse 



1. Mr. Ellis S. Gue»t 

2-6. Dr. Edmnnd Robin- 
son. 

7. Bir. Roger Parker 

8. Mr. E. L. Webb 

9. Mr. J. Hawtliorn 

10. Mr. W. E. G. Pearse - 
11-12. Mr. W. A. Sumner 

13. Mr. C. T. Blackman - 

14. Mr. Prederick Holmes - 

15. Dr. Edward Ljnes 

16. Dr. Hugh Thomson 

17. Vacant* 

18. Mr. Robert W. Dunn - 

19. Mr. Matthew Brownfield 



20. Mr. 

21. Dr. 

22. Mr. 

23. Mr. 

24. Dr. 

25. Dr. 

26. Dr. 



W. Skinner 
A. C. Clarke 
N. Misktn - 
T. F. Morrish 
J. O. Affleck 
R. Cory 
D. C. McVail 



Dr. W. Husband 
Dr. R. D. Tannahiil 
Mr. H. Lawrence 
Mr. J. Gittins - 



Victoria Hall - 
Tottenham Court 
Cfiapel. 



Manchetter 



Birmingham - * 



Liverpool '^ 

Pimiico 

Neu'castle-on" 

Tyne, 
WeHtminnter 



Tues., Thuw. ; 1, 
Mon.y WedncB. ; I. 



-{ 



Mart/Ubone 

Whitechapel 
Leeds 
Coventry - 
Glasgow - 
Exeter 
Strand 

Bromley, Middle- 
sex. 
Sheffield - 
Salford - 
Waterloo - 
Toxteth Park - 
Edinburgh 
St. Thomas^ sHosp. 
Glasgow West - 

Edinburgh 
Glasgow - 
Bristol - 
Horsleydotan 



Monday ; 2. 
Momlnv -I 
Tuesday -111. 
Wednexia}- J 
Wednewluy ; 2. 
Thursday'; U. 
Thursday; 2.30. 
Thursday ; 10. 
Weduesdav ; 3. 



Tuesday ; 3. 
Tuesday ; 2. 
Wednesday; 10. 
Weduestlay ; 11. 
Tuefsdav ; '2.30. 
Tuesday ; 12. 
Monday ; 12. 

Thursday; 11. 
Tuesday ; 8. 

Tuesday; 3. 
Thursday; 2. 
Tues<lay ; 2. 
Tuesday ; 11. 
WediU'H., Sat. ; 1. 
Wednesday; 11.30 
Monday ; 1. 



Wednes., Sat. ; 12. 
Mond., Thurs. ; 12. 
Weflne^day ; 10. 
Monday ; 2. 



Since the close of 1881 Mr. William A. Budd has been appointed Educational 
•iuator at Exeter. His attendances at the Station are given on Thursdays at 



n. 



lb. — Animai, Vaccimatios. 

Tho Ac'iMAL Vaccinf, Station is &t 95, Lamb's CoMmnr SxEMr, 
irfaere Dii. R. Coby and Mr. S. F. Mubphy attend for the Vacciasiion 
if Children on Tcesdavs and Tbcbsdats, fi-om 10.30 a-m. to 13 noon. 

II. — SODRCES AND AUOUNT OF LyMPH SuPPLT Df 1881. 







Number or Yacrini- 


^irwas^iLis^^ 




VAf*ftln*liAh afktlnn* 












T BCCITULIOD Btationi. 




T>^^ 




ChanHTBb* 






PriDiMT. 


'^^ir^ 


ewshoIinulPl 
a.eq»l»ii 












IvmtW™ 


rwctoatonl 












salaried 
bom the 
Parli.. 
■nentuy 


1. Victoria Hali ~ 


877 


471 


4,983 


_ 


a. Tottenham Cmtrt 


891 


371 


160* 


577 


Chapd. 










gnmt . 






















Tottl 


1,368 


848 


5,143 


b-.l 




1. Mawhttter^ - 












3-6. BimUnQham- 
7. Liverpool 


6,S1S 


459 




AM 




1,S67 


187 




m 




8. Pimlico - 


693 


eaa 




7il 


■aroohr.l 


9. NewcattU-on- 


649 


33 






tuid other 


Tynt. 










Vwcba- 




918 


534 




534 


tom not 


18. WAiltcSapel - 


1,601 


97S 




4« 


salaried 


1,844 


896 




SS9 


fhim the 


M. L«d. ■ . 


1,068 






Hi 


Parlia- 


15. Coventry 


»97 






1,»4) 


mentary 


16. Giatgow- 


950 


3 




4T8 


grant. 


17. Eielerl - 


199 


J 






but «m. 


18. Strand ■ 


4« 


441 






tribal ing 


19. Bronjlej - 

ao. SheffieU- . 

31. Salferd . ■ 


1.588 


969 




Mi 


r-Ls 


1,840 
803 


— 


— 


1*17 


rate of 


39. Waterloo 


704 


159 




1.M1 


pajnwnt. 


aa. Toiteth Park - 


1,788 


80 




3,099 




a*. Edtnlmrgk . 


1.101 


13 




M 




35. St. TkomOM', 


63S 


196 




53: 




Horpilal. 












2G. Glat^ow Wut 
Total 
Grand Total - 


639 


— 


— 


491 




85.575 


4.859 


- 


16,«! 




36,843 


5,301 


5.143 


ir.511 



* This nnmber includes 40 charged glaci 
baiged iTory paints. 

t No information received ttota this Matiot 
X For fbnr tsootlii oalf . 



«, each estimated a« equal to t<w 
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n. SOCBCES AND AMOUNT OF LyXFH, kc.— continued. An. A. Ntt. 9. 

Daring the year addiUonal fiup^es (to the extent of 9,038 cfaanred SSfe?^^**^'"'' 
tabes) were obtained from the following genUemen — a**burtnn«€ir. 

Mr. C. C. Claremont, Hampstead Road* 

Mr. W. Kempster, Battenea East. 

Mr. G. A. H. Hepworth, Gloucester. 

Mr. J. H. Webster, Nottingham. 

Dr. H. Coolahan, St. Olave's. 

Mr. J. Oakman, Battersea West. 

Mr. W. Arthur, Kennington. 

Dr. M. A. Maedonnell, Tozteth Park« 

Mr. H. Majy Aston. 

Mr. T. Harper, Plymoath. 

Dr. J. P. Porter, Bow. 

Mr. W. F. Carter, Bedminster. 

Mr. H. W. Newton, NeweasUe^n-Tjne. 

Mr. W. H. W. Wilkinson, Liverpool Eoad. 

Mr. J. P. Purvis, Greenwich. 

Mr. J. W. Kaf, St. George's-in-the^East. 

Dr. N. E. Roberts, Tozteth Park. 

Dr. T. N. Orchard, Pencbeton. 

Mr. T. M. Johnson, Salford. 

ni.— DiSTBIBUTIOH OF HuXAN LtMP^ 1881. 

Vomber of applications : 

From Medical Practitioners in England and Wales « 11 435 

f» 3f n Scotland - . • 209 

„ theArmj ------ 504 

„ the Navy and from the Emigration Department - 73 

„ India and the Colonies • . . . |^ 

„ Diplomatic and other Foreign Services - - 37 

Total - - 12,468 

upplies sent out : — 

Charged ivory points - - . . .9 195 

„ squares of glass - - - . . ' 40 

„ capillary tubes - - - . . 24,572 

IV. Calf-Lyhpu, 1881. 

limber of applications - - - - • 96 
mount received : — 

Charged points --•-•. 935 

„ tubes *-••«• 39 

„ glasses - . - . . - . 1 

ipplies sent out: — 

Charged ivory points • • - - . ^*jq 

n capillary tubes • . . . 3q 



Abstract of Med 

INCIUBNCE of 

cerniDg the 1a 



Kuus (i[ IiKpeclor. 



L AbtfTi^le iind Pon- 
l>r. Pariam. 



Dr. BallarJ. 



• Thii diitricl wu rliib 
■■ whollror p»itlr in Dent 
" Oflcer ot Health." Tht 
ratal, ud Uw Denbish, LI 
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Ground of Inquiry* 



Joriitdirtion 
coucemod. 



Ohief Fncifi rv^portod by Iniijic<'t<»r. 



K 'Imin RtgisLration 

fCrnwall.) 
r r. JatioD, 19.199. 
Ur. VarsoM. 



r»7!'' BHdire, 
'.'iwefopd Abbots. 

///•. Airy. 



.nirton - 

.'■k shire, East 

...itii.n, 8,363. 
//*. l*arMona, 



V 



Reffis.-Generars Returns, 
and R*rport9 of Medical 
Officer of He«Ub. Out- 
breaks d enteric fever. 



Local information as to 
cases of small -pox.} 



Entfrio fever. In- 
formation received 
from Gem-ral Inspt'C- 
tor of tho dintrict and 
Rr-^strar- General's 
Eeturus. 



Bodmin rural naitarr 
authority. 



Bodmin town councIL 



t 



Onftm mral aanitary 
authority. 



■^r-n'-Ijire.) 
atfti, 19,472. 
*. J^ arsons. 



T.TTfiJl" school 



M "KTiralSani- 
V TL>i^trict.* 

:wrli*»hir© and 
>' *.'thsfiirt'.) 

t j^^n. 13,706. 

J^'iiraons, 



Fever prevalence. "Re- 
pristnir-General's Re- 
turns. 



Information from School 
Ship Society as to 
enteric fever. 



Km to Medical OfBcer of 
Health arrangements. 



Bodmin Jlur.il Stinitar)f Dijifrirf.^ 
(pup. li.i:^s.) --iv^Hlt« ntl t,uibr. rtki 
of f»'\«'r ill \'riri(>n«i jcirl-' of ihr ili%- 
trict, iu<j<»tly coiiUiiitl u» ^inirl*' h<Mi«<«*- 
holitsin w)uii' cjiM'H nilr>Mlii<'wl fn«iu 
oth»'r diHtnot-*. in •H»m#» «»th'T* h^h-k 
ciat«'d with jwllut/Hl water nml pri>y 
nuiiAUce*. l>«f»-<iivi» dr»iuiuf»-. i*<»l- 
lut«-«i nal#'r ftupi'lioii. f<'Ul cw-vpii- 
privi*'^, lark of i>rivy acmiiimi>- 
dntioii, and piir-koi»pit ir iiui'«aiic<'^ 
Wfn» met with. F'iIaI pn/vnli ucf »( 
(tcarli't U'M'T at Port )»»juic lu Ih-n^i, 
aAVM'iutCMl with ill-vnitilal*^!, daui]), 
and ovonTowdinl jlH.-llinjf-*. 
Bodmin i'rbnn Sanitarn Uittrict.-^ 
(P'>p. 6,<ttU.)".S'V»*n' rpiii»'iiiu" of ru- 
Uric f»'V«.T in sumimr and itutnmn 
of m.Hl. Orijcnittl *M>unN« not tnu'«»d. 
SewrPj and «lrttinNl>n<lly conHtnuiril, 
U^ky. nnd un\«.*ntihit«"'I. Nukuu" 
at ouJfjill of «»-w»'r. Water supply 
partly frum •tpnnjr^ and wclU v\- 
poHiw to wwn«fc i>ollMti<»n. Pii^-*!- 
)iliiv of rellux of foul niiittem into 
iuhlic water supply fn»n» clo^'ti 
umImhI dirtTt from nn inl«n)jiitrnt 
«er\'ic«*. ll<.u-H<-M without air-space 
or thmujfh Vfjntihition. Nui'«an«i'^ 
from siurfiio* filth, and fr(>m kriptntc of 
pitfM. No by-law?*. No su|M^r> i^ion 
over ert-ction of new houses nt»r o\er 
Cfindition of w-wjth, Ar. No !»•►>,- 
pita] accommodation nor distiifcctuic 
a{)|ioritu<4. 
Eijfht aiM'"^ of sTOJill-poi (two fatal) in 
one cottii^rc, nnd suhn* ((lU'Otly out* 
case in another coltntre *J<>0 .vani.H 
to jcewanl of the first. Oriirin (»f 
outhn-nk untracrn))le. No j»rojMT 
hospital in di-^tnct for isolation 
puriiO^iH. {See pu+re \in\.) 
Sudden nnd extensive iiuthrcnk of 
enteric fever in SeptrinUT and (K'- 
tol»er iHso. ci!iM»<"ially inodent u|»<.n 
househiildn ottt^iiiiintr iiiiik from a 
particular dairy. Well w:it« r uv<l 
for dairy pur|KyM»a r>"lhited, and 
po«sih|y ajH-eilleally infected. Kh- 
tern' fever als<» ijersi^tinif in (•ertnni 
ill-dmincd l<H'alitie*i. Want of }*««er«., 
esp<-<-i»lly in the middle jxtrtion of 
the district. Nui«ince!i fnan cC'^n- 
lKX>ls, defective houv dniifiH. nnd 
foul op<'U water cours*-!*. Luthility 
to flrxids. No hospital accommotla- 
tion for ca«»*s of infei-tiuici diseiiM*, 
Recent ettideniic of «M'arlet fc>cr. 
Enteric fever somewhat pnvalenl of 
late, due prohaWly l«, local cau.M"». 
Much of the "fevi-r'* not of a s|Hviru" 
nature. Ilo<ipital accrtmm'xlation for 
Infectious causeai pro\ide<l at the 
workhouw only, and hot little used. 
General sanitary ctmditiou satis- 
factory. 
OuthrcaK of enteric fever on iKmrd tho 
vessel. Inquiry, undertaken two 
months after outbreak, failed to in«li- 
cnto any useful clue to the source of 
the diSK'ase. 
Sewers have been provided in Gwydtl- 
elwern and i>f»rt of (\.rwcn. (nlier 
plncos in di«>trict unsi'wenHl or with 
old faulty dr.uiis ; a source of nui- 
sance. Pollution by B<'waKt', privies, 
and flannel miIl8,of streams used f<»r dnnkiilg. Water 8Uj>j)lv 
in j»ome places scanty and dilllcult <)f access ; in others. lial)fo 
to orjntamination. Frivics, even new ones, of faulty construc- 
tion : in Corwen partly rephuHni by waterelos(<t». llousc* 
pjirtly underKround, damp, dilariid'ntwi, ill-ventilated, and 
over-crowded. Three Medical (HIitvnj of Heallli, two of 
■whom (one recently deceased) Poor Law Me<Iieal Otllcers. 
Judging from tho character of their rcfiorts, and the condi- 
tion of the district, their duties appear to have been un- 
equally, but on the whole inctllciently, performed. 



Bridlington local board 



Chorley improvement 
commisaionera. 



Corwen mral sanitary 
authority. 



See footnote on page 26. 
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Area of Inquiry and 
Name of Inspector. 



Oround of Inquiry. 



JuriadiotioD 
concerned. 



Chief Facts reported hj Ixispecto'. 



10. Denbigh^ 

(I>enbi|^hahire.) 
Population, 6,491. 
Dr, Parsons, 



11. Durham Begistn- 

tion DiBtrict. 

(Durham.) 

Population, 68,686. 

Mr, Spear. 



As to Medical Officer of 
Health arrangementa 
and action taken since 
previous inspection. 



Ck>ntinued excessive 
pravalenoe of scarla* 
tina shovn by the 
Begistrar • General's 
returns. 



12. Great Grimsby 
(Linoolnshire.) 
Population. 29,688. 
J}r, Parm mt . 



13. Gnnnialake- 
(Comwall.) 
Vr, Blaxalk 



Insufficient information 
from reports of Medi- 
cal Officer of Health 
as to sanitary state of 
borough. ^ 



Local information as to 
scarlatina and diph- 
theria prevalenoe. 



Denbigh tovn council Water supply increased arid 

vice extended. Certain poUttel 
sources still aoceesible. SewAjr 
system completed. House dnir« 
with inlets of defective construction : some in uutr.p(>^l 
communication with interior of houses. Tlie use of «a^i^ 
closets considerably extended, but man^ midden privi« ^ if * 
very objectionable Kind remain, even in close proximity t-* 
dwelling-houses. No public arrangements for removj * 
privy contents, hence larfpe accumulations of excrem^itt aiif 
refuse. Pig>keeplug nuisances persist. Large deposit*-^ 
numure close to houses. Thetie conditions DrevBil to * 
espeoiid extent in the outlying villsffe of Hemlan, whkh . 
unsewered, and of which the water supply is scanty, difflfJ: 
of access, and exposed to contamination. No hont-tA' 
accommodaticm for infectious diseases. Duties Gi BfOln 
Officer of Health inefficiently performed. 



Durham urban sani- 
tary authority. 



Durham rural sanitary 
authority. 



Brandon and By- 
shottles urban sani- 
taiy authority. 



Great Grimsby town 
council. 



Tavistock rural sani- 
tary authority. 



CitM qf Dttrham.—iVvii. V.V>V' 
Almost entire abrocatioa br c* 
Sanitary Authority or its funttK-u. 
Services of Medical Officer of Ha'i 
for the last two years not avsit'i^'^- 
practically no sanitary inspeiiir . 
Many dwellingB unfit for faahitati*-:. 
prevalence or sewage and ictf 
nuiaanoes. No effort madia to cbt^i 
the spread of infections 



Durham Rural Sanitunt Ditihct- 
(Pop. S6,000.)— No public sevnw^ 
and the drainage of many of tbr 
populous colliery villages soch i^ 
CO give rise to serious nniar-vc 
In many of the viUaesa ctm 
nuisances from long a»>Tve *i 
refuse ; and in some^ water stxpobs 
derived fh>m sources exposed w 
pollution. The dwellings in oe-- 
tain of the older villages unfit fe 
habitation, and several of rcecitf 
date erected without due Rcird to 
stability or to sanitary nequireakfaL 
No provision made for dealiuf vrt 
the spread of infectious diaeaspt 

SrtMdon and BythoUU* TH^ 
SanUary IHstrieL^iPap. 1O;P50l— 
A district presenting all the Ueio'^ 
referred to above as beknieinc u ttt 
rural district, of which, ohm ktdr. 
it was a part* except that ahhv tki 
formation of the present urtas 
district considerable impfo^aBis* 
has been made in the aefwerae* «? 
certain localities. No provisiou L* 
dealing with the spread of infecta* 
diaease. Unrestrained interc«ujv 
between Infected and nflD-iuV;«i 
households. (iS^ page 70.) 

Considerable improvement since rt 
Home's inspection in 1871. »« 
sewer outfalls. Loon appli«il ^.>r : * 
new sewers to prevent polluthn. *i 
open watercourses. Box dosf-i^ a 
general use, and regularly en|4»«' 
Use of company's water ext<»>i' .. 
Pig-keeping and other noisiwvy* 
abated. Some defSoets in ho-m 
drainage. Offensive trades. >> 
hospital accommodation for iriS-> 
tious diseases other than small poi 

Concurrence of scarlatina and d-;^* 
theria. Epidemic of diphth^rU i-a 
to personal intercommunioaiKT ^ 
infected and heaJthyat the «*t>«r» 
No efficient measures taken (-: t>*- 
vent the spread of the diseasi* wfiFS 
is endemic in the district, S<>»« 
privies in a filthy oonditioo. Gen m 
sanitary condition of the viJUtf? 
eminently unsatisractory- 



* See footnoto on page 28» 



Area of Inquiry and 
Name of Ixuipector. 



Oroiind of Inquiry* 
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Juriadiciion 
concerned. 



Chief Facts reported hj Bupector. 



20. Ilkeston 

(Derb^'shire.) 
Population, 14,119. 
J)r, BlaxaU. 



21. LlanffoUen*- 

(I)enbiffb8hirc.) 
Population,. 3.12 (. 
X>r. Paraonf, 



22. Uanfyllin Ruml 

Sanitary District. 

(Montgomeryshire 

and Denbighshire.) 

Population, 18,879. 

Dr. Parsons, 



23. Melton Mowbray 
Riuml Sanitary 
District. 
(Leicestershire.) 
Population, 14,843. 
I>r, lilaxalh 



24. North and South 
Tawton. 
(North Devon.) 
Dr, BlaxaU. 



Beffis.-(9eneral'8 Eotums 
showing epidemic of 
enterio feTer. 



As to Medical Officer of 
Health arrangements. 



Breports of Medical 
Officers of Health. 



Insufficiency of reports 
of Medical Officers of 
Health. 



Ilkeston local board - Extensive epidemic of enteric l"-^*-? 

due mainly to infected sewer-^i.' 
escaping within and about dvellmri 
Oertain groupa of cases r^i^M - 1^' 
infected privies and polluted water. Frequent recurreixx^ A 
epidemics of scarlanna* Ac. (veneTal and sjm^c da:^ 
rate high and increasing. General preralence of excmriet- 
nuisance consequent on the storage of excrement in \sr» 
unwholesome privy pits. Removal of privy contents eSm•^i 
by authority at a cost prohibitory to fjrequent ivmuii. 
Town water supply of good quality out distributed tolit;!: 
more than half the town— the remaining portion procnrri 
water from wells and rain-'water tanks, which are p¥«t.v 
exposed to contamination from being sunk in a fllth-so'id^ 
sou, and the tanks moreover in direct communication viu 
the sewers by means of overflow-pipes. Sewage disrbsxvH 
into the Newark canal and river. Scheme a(lo{rted ''< 
dispose of the sewage on land. No provision for the du»hii; 
or ventilation of the sewers. Heads of sewers closod, Kttit^*-! 
open and exposed to the wind. Drains uuventtlsted. iiik'i 
untrapped, smk-pipes from within dwelling in direct cjt- 
munication with sewers. No means of isolation f^ir t 
reception of infectious cases and no disinlecting sppsn'.L< 
provided. Water supply improved since Dr. But^d&is^ 
inspected the district in 1870, otherwise little or yxmit^ 
done to improve the sanitary condition. 



Llangollen local board 



Llanf^llin rural 

sanitary authority. 



Local complaint and 
outbreak of enteric 
fever. 



Melton Mowbray rural 
sanitary authority. 



Okehampton rural 
sanitary authority. 



Pollution of river Dee by sewm >.n 
privies. Waterclosete mostly in u- 
but some objectionable pm".- 
Water supply good. Old houv* J 
ventilatea : newIj-buUt htt*^ 
without the amount of air-fii 
prescribed by the byelsws, I^u* - 
of Medical Officer of Health fe %^ 
well performed. 

Many old cottages iU-ODnrtravi 
damp, badly ventilated, and m'l --, 
repair. Parts of the district aft* > ■ 
injuriously by floods. In mo»t \^* 
of the district do sewers. Polluti: 
of streams b^ house drainaite ani' 
contents of privies. Privy wsx^ri - 
dation insufllcient. Offensive <*«!}<' 
privies. Scavenging defeitij^- 
Wat^r supply in some places i • 
sufficient and in danger of puJltiu. 
Outbreak of diphtheria at V^-' 
wddyn hi 1880, origin nfrf ^ ." 
taincd, apparently propa^ted .- 
infection. 

Six Pwjr Law Medical OH* - 
appointed ex oflSciis to be Mi^i'*^ 
Officers of Health, and Ignonnii 
their sanitary duties. Boani ' 
Guardians imperfectly api«I>*^ 
ing their functions as sariiti'^ 
authority. District for the & * 
part in a state of filth, vritbT- 
valences of enteric fever relai<= . • ' 
particular fflthy conditions, ^y-, 
supply generally exposed t« i>» 
pollution from soakage of ctf' 
mental and other matter. 

KoHh Tawion.—lAxmXtdL cpidctnic • 
enteric fever due to speeiocalb ^'' \ ' 
taminated water. Water wippl' 
derived from extraneous sourw* ^ •' 
from local wells, l)oth oxptwed ■ 
dangerous pollution. Sewerap* •' * 
perfect and irregular, houjie draLtr-* 
defective, inefficient vcntilatiwi ■ 
sewers and drains. Sewage ^^ 
chared into waterrourae and ]•'•• 
ductive of much nuisance. Kx'i^ 
mental nuisance general 1^*' ' 
filthy and dilapidated. Nui-^J'^'' 
from slaughter-houses, refuse, i' • 

Sotith Tfl Iff on.— Insufficient v'^''* 
supply. No provision few draif^*^ 
Privy accommodation in.'mflwi***- 
Excremcntal nuisances rife. 



^ See footnote on page 20. 
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'I r.f Inquiry and 



Oround of Inquirr* 



Juriwliotion 
concerned. 



Chief Farts ppporletl by lti«»p»n'tnr. 



> r^h and Bouth 

i 'i\» ton— coi»/. 



N 



ehara 



I'r.L-'Miard. 



." Rnral Sani- 

I» sTiCt.* 

.^'Iisl.ir*'.) 
. .1 11,11,1^1. 
r. I'a rsons. 



■V T'rban Sani- 
. fJ strict.* 
' -:ii>»liirf.) 






'if']\ Euml 
• . - h I ro and 



T!»ir?»l Sani' 
1 f ri*» 



Local complaiiit and 
outbreak ol enteric 
fever. 



Information forwarded 
bv Mj-dical Offlcr of 
riealth a«» to dijiwwe 
following thceating of 
certain meat. 



\s to MfHlical Officer of 
Udiltli amiiiKeuient*. 



Okpliampton mral 
sanitary authority. 



Nottingham town 

COUU(.-ll. 



Ruthin rural sanitary 
autliorily. 



A*, to Moilicnl Officer of 
nenlth armnirriiionts 
and notion tak<'n lince 
former iiiAiJcctiua. 



31emorinl from tho Bato 
pii.vt-rs tw to inHulK- 
cicucy of water supply. 



As to Modical Officer 
of Health amujjro- 
ments. 



Ruthin town council 



Taviiitock rumi 8ani< 
tary authority. 



St Asaph mral sani- 
tary authority. 



R»-rK.r1^ of Medical 
Ollicers of Health. 



St. Ttc*! mral sanitary 
authority. 



JSonfh Zeal fa villaire in thr pnri^h »f 
8«>uth Tawlnij).— Ix/JiK Ciiilir n***! 
pn'Vttl<»nco of cntenr fcNir. \\i"'« 
eiixiM-d to djinK»T«»us |H.>lliition. \ 
wh'>l««*<tm«* Wilier Mijiply o<Hild U* 
MiMJy obtain<*<l. Sewcnitfo rrry im* 
jHTftrt. l'n\y iicrf'HiunMLiti'iii in- 
nutlk'irnt. K\rT»*iii<*ntul miiHAin"*- 
frenenil. Rt'dim) and manure 9t'irv<l 
near dwellin((>t. 

FiflfH-n fierMm* tak^'n ill with nn acute 
► iKfiUcdi^jiii' jift'-refttiinf l»'*t )»:ik«-«l 
I»«-rk iMinh.MtHl at a particnlnr "r*«'k 
>»liop. ' Onr of th»'M< c««»''« talnl. 
S,\wipt<)tuN and courv wf illnrv* 
Rinnlfir to Xh>fi*» in th« W»n)^<k 
IMTU']! nf fMinfS n'|K»rt«'d r>n ln*t y<fir. 
Pu^t nu rt«in ciniintiiition of the 
jMTvm mIki «1hhI n;\<;iI«M|, iuf^r ah.t, 
»»r\»*ro piilinonnrv hrrmorrli'iir«' and 
intlnDitniitioii of ik'Uiu, and l'<>(r'.n 
p:it4'li<>Hand hacilli wrn dii<'0\«ri d in 
tht> blo<»<l nitd \unoUii orcfini of tin* 
IxmIv, TIh'«m; Imnlli pr<><iii(-(4i, on m- 
ui'iilutjori \uU, unniciN. %ni.:l.nr ni«)r* 
))id ronditionx to th<)N<- ])rt>dui>>>d )>\ 
incM'ulitiions penurinctl in lh<: WvU 
bc-ck caH'. 

A spars<'ly p«>pu]nt<tl nriicultunil dis- 
trict. No pni)lu' uork:* hnwj Jk'< n 
carniMl «int. Imt a iro*-*! innnx nriMtti 
nuiMtn<vs have Im in n*«.'it»'d, c"«ji».- 
ciiilly damp and unlicnltliy h'-uv*, 
and want of privy acmnim'Klati'.n. 
N<*w privH'Ji, howi'ver, rude and tie- 
ff<'tiv<'. l>niiimir«' d« litiriit, Watvr 
••tinnly iiisnlliri.-nt nnd fr< ni srrun'i* 
I ill I ill' to rohtnni'ri'iij.in. T'lo Au- 
thority had l>«»n for ii>« :ir Mi'liMut ji 
Miilical OHurr of lb till li. .ii.d tli*- 
pr<'v nt oHi('«'r had ot.ly jn-^t oom- 
nuTicrd his dutii-i ut tJM* tunc when 
tlu' jn>]Nction \ia» uuid<-. 

Sfnro Dr. H"ni<'*«< in^pr-t'tion in NTl 
^*wrrnMrf««yst* m Iki>« I « fii coniid' tui, 
publu" wjilor mi|tp!v l»n>nkhl uito 
K* niral u.s4', ]x>ilul<d «♦ lis rl<»s.(l. 
mnriy unv»liolr's«'rii<> pn\i«i and <»•«,>- 
fnKiU altrrt'd, housrv unlit ((»r IriKita- 
tiondj^^iivrd and m \v oik-s of a U'tior 
class crii'tod. Sanitary adniiniit ra- 
tion on tlic wlioir i:».«m1. .M<-di. a< 
nUii cr of Hialtlj not ui.dcr In irii ^ 
onl. r, and do*'M n-t make ai Min' 
n jKirt, but his dut.c-* sr« tn to ha\t 
Im'vu cllicicnlly di*char;f«ti. 

Wafer hupnly situated nt nn incon- 
venient uista?ici«. nnd olitaimsl fptin 
nn o|M«n leat. uhu"h in foi.led h\ roau 
Hashinifs »'nttle. Ac, and eX|NiMd t«. 
ciiMtul i)ollutiun l>y human eii're> 
Uicnt. 

The Sanitary Authority havoci'iistruc- 
t<'d M\«er^ aiid \»al»'rwirk"» for 
iM'vonil pla«"e8 in tluir ilistrict, and 
have uiuior considrratMU similar 
Mdrks for otlier places m the di'^triol 
which rtNjuin' tlu'iu. They have 
also Ix-en active in iirocurimr the 
nbatenxnt of nuisance*. l)iitirs ol 
I\I»Hlical Oltlcer of Health Well per- 
formetl, with the exiei>tion of delay 
in transuii>sion of annual rt-port 
to the LtK-al C«o\ernmcnt Uoard. 

Tlio four District ^fedic^l f)ffirerH 
npixtintr<l Med xal Officers (^f Healtji. 
Annual nfKirts unsatisfactory. IVr- 
foniianeo of duticsiuneiiual. oanitury 
progress »low. 



* Seo footnote on page 26. 
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Area of Inquiry and 
Name of Inspector. 



Ground of Inquiry. 



Jurindiction 
concerned. ' 



Chief Facte reported by Inspettar. 



31. St. Mary Cray, &c. 
(Kent.) 



Report of Medical 
Offloer of Health as to 
sinaU<iK>z among rag- 
sorters. 



32. Tavistock Sural 
Sanitary District. 
(Devonshire.) 
Population. 29.139. 
Dr, BlaaalL 



Unsatisfactory vorlt- 
ing of the arrange- 
m^its under wluch 
the District Medical 
Officers acted as 
Medical Officers of 
Health for their 
respective districts. 



83. Vckfleld • 
Population, 2,146. 
Mr. JPower, 



34. Walsall Sural Sani« 

tary District. 

(Staffordshire.) 

Population. 8^2. 

Dr. Thome, 



Bromley rural Sftnitai^ 
authority. 



Tavistock rural aani- 
taiy authori^. 



Local request on out- 
break of enteric fever. 



Apparent faulty sani- 
taiy administration, 
as Judged by imperfect 
reporte of the Medical 
Omoers of Health. 



Uckfield urban sani- 
tary authority. 



Walsall rural sanitary 
authority. 



Sudden and severe ootbmkol <a&i- 
pox amonc rag-cutters at s pipi 
mil]« probably attributable to ia!«b> ' 
rags, though there had been «c 
previous oases of small-pox in tK 
place with one of iHiich sooiecf tV 
workers had been in indirect oj> 
munication. (^(M page 10ft.) 



Mortality greatly incieased I? Ai' 
gerous infoctiouB disease. Dipat^eis 
and typhoid fever endemic «.t 
occasional severe epidemic (wlbM^ 
Cottages not infreqaentiy nnvb ■• 
some by reason of beiis^ mv^ 
damp. iil-Tentilated, or <ii]spi(bi<>^ 
Water supply of certain viltaipesr^'^ 
and plentiful* derived ttam txnv 
neons sources. Other vinsfce? iaA 
off for water, people havinje t> '<'{> * 
it from a long distance. DTiakc- 
water exposed to pollution, oft<net< 
danserous character. Streaios/v 
luted by privy contents. Eiacsm 
tal nuisances fluent Sevm.-* 
and drainm very defective a&i b- 
perfect. No means ot isolation j-* 
vided, and no efficient step^ tio'- 
to prevent tbe spread of duuirnc* 
infectious disease. Neclect of 3lv > 
calOfflcers of Health to makesv^ -• 
atic inspection of their dustnru. .-. 
with one exception, to make tb^r 
selves acquainted with the prori>ii ' 
of the Public Health Act«. 



Association of the fiaver with nnvb-J^- 
some conditions of wa(er<»u»' 
sewerage, and drainage. Tbe u 
stratum of soil C'Oveniu; the ^d.^- 
rock into which the w)ea§ are w^n 
generally befouled by soaki^ if-'"- 
privies, cesspools, ashpita, Mni c- 
fective drains. Seteert unAcs^'^' 
and practically unventilatoi. i"- 
vided with catchpits tlist m tb 
absence of manholes had never \»^ 
cleansed. Houte drains genen^^r 
unventilatedand commonly in tf-r^*-' 
connexion with the sewers. 



Rural district divided ioto lii'^' 
distrlcte for the purptwe^ of "- 
appointment of Medici Offir^^' 
Health. The Biisliall divisioo*'! 
hibited grave sanitary defects a- ' 
sewera^, water supply, and ce- 
ment disposal, and an absence cf*-''} 
measures for their penBtf." 
remedy. Of tiie Pelsall and Brirv^^J 
division much the saiiM dcsrrtf^ 
mav bo given, and such aetiw ^ 
had been taken had been limitai'^ 
a removal of grross and rwarri- 
nuisances. In the Aldridge divi*-!* 
many similar sanitary defect) v« '• 
discovered, but there was evkivr^ 
that some useful sanitary work b^: 
been effected under the aavice of '> 
Medical Officer of Health. A<«tu si- 
whole rural district, it appanH 
evident that much of the saiute~ 
neglect and the faulty sanitur » - 
ministration was due to tbe divts >' 
of tbe district between three Offi*^"" 
of Health, a division which \aa pf*" 
vented the requisite personal r'r 
ferenoe between the authority' ^ 
their adviser in sanitary mfttu' 
which is secured where one offiwi" •■ 
responsible for advice hi retsru •' 
sanitary action. 
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Ara of Inquiry and 
Xame of laqpector. 



Orofmd of Inquiry. 



JttriMlietkm 



35, WaJton-cn-tbe'Nafe 
TEskx.) 
Popaktkm, l«STSi 
Dr^Parmmt, 



i^.TnilitonRinrilflua- 

UfyDiftrieL 

(Somersetafaiie.) 

Population, fMMi 

J>r,BaUard. 



Beports of Medkal 
Offloer o( Health as to 
aanitanr oondttioa of 
diftrici. 



As to1fedioilOmc«rof 
Health artmngcmenta. 



Walton-on-lhe-Naae 
improvement 
musioners. 



Williton rural lani- 
taryaafhority 



Chief Facta reported by Inipector. 



Oraat want of potaUa water. Cotu- 
pany*! water hrackiah and unfit U*t 
dietetic use. Water for drinkinir 
brought in carta and «old ai a birh 
price. Sewen, drain* and water- 
closeta not flunhed, and, until re- 
cently* unrentilatod ; conaequent <-«•- 
cane of lewer air into bouaea. Otit- 
faU out of order. Prevalence of c^ n - 
tinned fever of a mild type in X^o, 
atdociated with defeota of drains^. 
No building bvo-laws. Kewly* 
erected bouaei of bad deaiiRL 

In thifl district, having the lamest an'H 
in Somersetshire, via., 170 squam 
mileSf with about 20.000 population, 
the five Poor Law Medical Officer^ 
had been appointed «r qfftciU Medica t 
Officers of Health at Mlaries )ittl<4 
more than nominal. Not one of 
them had an adequate notion of bin 
function! : lome of them had been 
more active than otherit but thtj 
work dons was desulloiy and un- 
latisfactory in amount andclutfactcr. 
It was ascertained tqr an inspection 
of the district that there was rreat 
need for administrative interferumt' 
in respect of various matters, but 
especially of drainage and water- 
■upply, and of the condition of 
Isbwirers dwellings, matters on 
which the rural sanitaiy authority 
required to Iw advised broadly, as 
well as in detail, by a dulv instructed 
and competent ncdicaf Offloer of 
Health, who could not. however, be 
expected to devote the n ecew iry 
time and attention to his duties 
without proper remuneration. 



^ SX99. 
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App. a. No. 6. 

On the Animal 
Yacdnfttion 
Establishment ; 
by Dr. B. CJoiy. 



History of 
lymph stocks 
used. 



No. 5. 

On the Earlier Operatioi^s of the Animal Vaccine £8Tabi.i8hmekt 

by Dr. Robert Cory." 

In July 1881, while search was being made for premises adapted to 
the 8tan<ting wants of an Animal Vaccine Establishment, it was felt to 
be desirable that a beginning of operations should be made ; such as 
should allow of lymph being produced on the calf and distribated to 
applicants, even if it did not permit of children being vaocinated direct 
from the calf at the place of lymph production. 

Such an arrangement promised the further advantage of aUowio^ 
selection to be made, without inconvenient delay, between the severRl 
available stocks of calf lymph ; while it would enable experience to be 
gained as to mapipulations of calves and other details of management. 

Accordingly, premises were temporarily engaged at the workhouse of 
St. Mary Abbott, Kensington, in Mary Place, Walmer Eoad, Notting 
HiU. The yard of the workhouse and some buildings on it were not in 
use at the time ; they were readily adapted to the housing of calves and 
their caretaker ; and operations began here on July 21st. 

On that day calf No. 1 was vaccinated with animal lymph obtainel 
from Dr. Carsten, of the Hague. The lymph was collected at tho 
Hague from calves 1144 and 1146 on the 16th and 18th of July U^Sl 
respectively. The vesicles produced by this lymph were not such a* 
promised a satisfactory lymph stock, and a further supply was there- 
fore obtained from Dr. Carsten. This second supply of lymph wa* 
taken from calves 1151 and 1153 at the Hague en the 31st July and 
1st August 1881 and was used *at Netting Hill for the vaccination of 
calf 4 on the 3rd of August 1881. The vesicles produced from thb 
lymph were satisfactory. The lymph stock thus obtained was trans- 
mitted through a succession of calves, until the 6th March 1882, durimr 
which time 43 calves were vaccinated as shown in the following : 

Table I. — Showing the Origin and Descent of the Ltmph, tb«' 
Weight, Sex, and Colour of the Calf, and the Character of tbe 
Vesicles. 



Bate of 
Vaccination 
and Number of 
Calf. 



Origin and Doecent 
of Lymph. 



Weight 
of Calf, 
lbs. av. 



Sex. 



Colour. 



Chamrt«ro' 
Veiiclc^ 



1881. 
July 21 -*Calfl 



t> 26 

Aug. 8 



w 



8 
13 
18 
23 



28 

Sept. 2 

7 

IS 
17 

n 27 

Oct. 2 
- 7 
12 
17 



»» 



w 

n 

m 



n 



27 



I. 2 



n 

n 

M 

M 



*» 



M 



6 
6 
7 

8 

9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 



Hague Calves lUt 

and 1146. 
Trom calf 1 
Hague Calves 1151 

and 1153. 
From calf 4 

» 6 - 



Hague Calves llfil 

and 1163. 

From calf 8 

» 19 

m 10 

n 11 

13 

14 

16 
H 16 

17 
» 18 

19 

20 



n 


M 


1 No 




" obser- 


H 


vations. 


M 


304 


M 


310 


M 


296 


M 


808 


M 


270* 


M 


245 


H 


213 


M 


206 


M 


267 


M 


247 


M 


312 


M 


8S0 


H 


266 


F 


308 


H 


299 


M 


266 


M 


862 


M 



Red and white 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Red 

Red and white 

Do. 

Do. 
Roan and white 
Red and white 

Do. 
Roan 

Do. 
Red and roan 
Rod 

Do. 
Red and white 



IndiibreDt. 

Do. 
Good. 

Modenfto. 
IndiiTernit« 

Do. 
Good. 

Good. 

Indifferent. 

Moderate. 

Good. 

Modsrate. 

Indifferent. 

Good. 

Modsnte' 

Modente. 

Hodoate. 

Good. 

Moderate- 

Modetate. 
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Date of 
Vaccination 
&nii Number of 
CaU. 


Origin and Desoent 
of Lymph. 


.Weight 
of Calf. 
lbif.av. 


Sex. 


Colour. 


Chnrarter of 

Ve^ieleu. 


1881. 














Xov. 1 Calf 22 


From calf n 




888 


V 


Blue man 


Sf<Kl«>rjte. 


r « • 


' -a 


» 22 




476 


M 


Bed and wliite • 


IndifT»'rent. 


n 11 • 


• -24 


,. a 




317 


M 


!>>. 


Moderate. 


n 16 . 


• „25 


« «♦ 




428 


M 


l).i. 


GikkI. 


^ 21 . 


• »M 


25 




fM 


F 


Ikj. 


M<Ml«-rate. 


., 26 . 


• .27 


w 




42) 


M 


Do. 


Vcrw good. 


Dec 1 . 


' „» 


H 27 




408 


M 


Red 


Good. 


. 6 • 


' „» 


n 29 




2M 


M 


Do. 


Very crood. 


. 11 - 


' w30 


« 2» 




247 


M 


R^nin 


rr<K>l. 


, 16 * 


• «si 


SO 




201 


M 


Red and white - 


M<Ml«*rate. 


n n ' 


• «S2 


•, SI 




2ft! 


M 


l>i. 


M<k1. rate. 


• 26 . 


. ^SS 


» S2 




20(1 


M 


Blark and white 


M'-i«Tnte. 


., SI . 


^S4 


. S3 




SW 


11 


Red 


IiidilTeivnt 


lf» 


2. 


^ 












Jan. 5 • 


• -ss 


. S4 




2»t 


M 


Red and white • 


M'tderal^. 


.. 10 


■ w 3d 


S5 




»47 


F 


Blue 


Vt-ry iti*Kl. 


„ 15 


• -ST 


.. 36 




2M6 


M 


Red and white - 


Indifft-rvnl. 


^ 2() . 


■ h38 


57 




2H<J 


M 


1>>. 


Do. 


« 25 . 


. ^S» 


n 38 




219 


M 


Black • 


M(>d»THte. 


,. 3»i . 


. .40 


SB 




348 


M 


Red and white • 


M' Hit* rale. 


I\b. 4 . 


. .41 


. 40 




2t4 


F 


I>). 


VtTV jfood. 


« 9 • 


' «42 


• 41 




»>5 


F 


Do. 


GcK>d. 


., 14 • 


■ .45 


42 




•»J» 


F 


l>o. 


litdiff<»rent. 


. W • 


■ u*4 


4S 




imj 


F 


Rmn 


Im). 


„ 21 ■ 


• -46 


44 




210 


F 


Red and white • 


Do. 


M.'iroiil . „4A 


« 




240 


M 


Do. 


M'Kiernte. 



The transmission was direct from calf to calf, and thus only, except 
a=^ stated in the footnote.* 

On the 6th of March, calf 47 was vaccinated on the left side from 
^Jilf 46, and on the right side from some lymph obtained fmin Dr. 
/>u?)reuilh of Bordeanx. 

This lymph 9tock was discovered on the 26th of Xovem>>er 1881 at a 
larm in the village of Laforet, not far from Bordeaux. It was brou<^lit 
'o Paris by Dr. Dubreuilh of Bordeaux, who is the vaccinator of the 
<iironde. The results of the vaccinations done with this Iymj)Ii are 
reported upon by Dr. Hervieux, in the "Gazette Hehdomadaire do 
Medecine et Chirurgie, 26th January 1882." The sample of this lympli 
-^rock, which was used for the vaccination of calf 47, was sent directly 
iroui Bordeaux by Dr. Dubreuilh to the Medical Oilicer of the Load 
J iovemnient Board. It was taken at Bordeaux on the li^t of March 
I8b2, from the 17th calf vaccinated in succession from the discovery 
• •{■ the original or ** spontaneous'* case. 

Calf 48 was vaccinated on the 11th March, on the ri^ht side, with 
iymph obtained from the vesicles produced on calf 47 by the new stock, 
iiid on the lefl side with that obtained from the vesicles produced by the 
j\d. As the new stock produced, markedly, the best vesicles, calf 49 
.\ fis vaccinated entirely from the vesicles produced by it on cidf 48. 

Calf 50 was vaccinated entirely from a tube of Bordeaux lymph which 
lad been reserved. It was vaccinated in 23 places, 20 of which were 
uccessful. 



* Calf No. 3 wa« out of health and was not vaccinated at nil. 

It should be mentioned that, in addition to cnlvcs 1 and 4 vaccinated with Dr. 
\irsteii's lympby the following were not vaccinated from an immediately preceding 
lit but with stored lymph taken as below: — No. 8 from Hapie calves U.*)! and 
1 .'>3 and caJf 4 ; No. 1 1 from calf 8. Further, of calves vaccinated in succession, one 
Iter another with the Hague stock, the following were vaccinated both from the 
ime^liAtely preceding calf and also with stored lymph from one or more others aM 
low : — No. 7 from calves 4 and 6 ; No. 17 from calf 8 ; No. 21 from calf 19 ; 
a. :i3 ftom calves 19 and 21 ; No. 24 from calf 21 ; No. 27 from calf 25 ; No. 32 
yym cadf 29 ; No. 35 from calves 19, 28, 82 ; No. 38 from calves 31 and 36 ; No. 39 
om calves 25 and 30; No. 44 from calf 42 ; No. 46 from calves 39, 40, 42. 

c 2 
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On the Aitimal 

Vi*«*4'inntn>n 
£Htttl»lishn.«-rt , 
by Dr. R. CV.ry. 



On the Animal 
Tucpiniition 
Eitabliihnunt ; 
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The subjoined table, in coDtinuation of the foregoing, girea otbet 
particulars of the calves vaccinated during March with this neir stock. 
No. 51 WM vaccinated from calf 50, and No. 52 from calf 51, Since 
March, and while this report is being written, a r^^lar snccessioD is 
being maintained in calf after calf with this same Bordeaux lymph-stock. 



Table II. 



SomWofCI/. 


"^?iS,"!r"' 


lb*, at. 


Sat. 


Colour. 


«?SSi- 


: li : S. 

.. 21 ,. CO 

,. x „ tl 

„ 31 . AS 


Baidwoiall ■ 

See text abora - 


IM 

m 


M 


B«huid>hlte '■ 

Bed^. 
g^^wMt. . 


Oood. 

sass 

Good. 

set 



Obtenvtioni on It will be seen by the above tables that a beginning has been mide 

•Aectk^the °^ observations on the weight, sex, and colour of the calves as aSecting 

devBiofmeiit of the development of the vaccination vesicles. The temperature of the 

"^ "' stables has also been recorded since the beginning of the present yeu. 

The number of calves vacdnated is, however, too small to form > 

judgment upon the significance of these conditions, but as it is intended 

to continue the same observations during the coming year, it may be 

possible, at the end of that time, to draw a conclusion on Eome or jl of 

the points in question. 

Se'rtjof^o"'^^ ^^^ calves were always brought to the station on a Thursday. Tbej 

temponu? Were then placed in a shed by themselves until inspected by one of Ibe 

NoitlDg^ill. veterinary inspectors of the Privy Council. They were then kept « 

variable time before being vaccinated, but never less than two dtjs- 

Tbe reason why the time was variable was, because the vesicles on tbe 

calf mature two days earlier than on the human subject, conseqaentlj 

to vaccinate directly from calf to calf, it is necesBary to vaccinate every 

five days. The time the calves remiuned at the station varied from i 

fortnight to three weeks as will be seen from Table III. 

The thicker black line across the table represents Thursday, the msrkel 
day, on which calves were brought and taken away from the station. 
The perpendicular black line, terminating in the black dot, represents tbe 
interval during which the calf was retained at the station, before being 
vaccinated, the black dot ia placed OD the line representing the day on 
which it was vaccinated, llie red line terminating in the red dot 
represent the five days occupied iu the development of the vesicles, sn^ 
the red dot is placed on the line when the lymph was taken and the next 
calf vaccinated. The interrupted red line represents the time the cslf 
was retained at the station after vaccination. 

It will be seen from this diagram that the week day on which calves 

were vaccinated from each other was continually changing. As there 

were no children at Notting Hill to be vaccinated direct from calf to 

: was not necessary to arrange for the day of lymph-su[^ly falling 

appointed week day. 

I average length of stay of the 48 calves (whose weights were 
at the temporary station) was 18 days. During this interval the/ 
Teased in weight except one, and the average increase of wsigh' 
48 calves amounted to no less than 22 lbs. The average veigh* 
i calf was 279 lbs. on admission, and 301 lbs. on leaving. 
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Thej were fed, the younger ones almost entirely, upon milk (two 
imperial giJlons for each calf per diem), and the older ones, besides 
having the milk, had hay and oil-cake besides. 

Table lY. is drawn np to show the increase of weight gained by the 
lighter calves as compared with the increase of weight gained by the 
heavier ones. The nombers are not sufficient to draw any iafe general 
concladons, bat as far as the evidence goes, it would appear that 
calves lighter than 225 lbs. do not thrive so well at the station as those 
which are heavier. A calf of about 225 lbs. weight would, as a rale, 1>e 
about three months old. 



App. a. No. 5. 

Oo the Animal 
VaocinatiOQ 
EBUbhiihiueiit . 
by Dr. R. Corj-. 

Food of aUvei. 

Compariion of 
sain of weight 
betwfH^n the 
lUrhtor and 
hoQTier caltei>. 



Table IV. 



Xo. of 

Calvci 

from 

which 

ATeraxes 

are 

taken. 



Averajce 

Iiicreaiie o( 

Weight. 

Ibi. av. 



Calves 






under SOO lbs. 


m 






5 


10-6 


>» 


OTer 200 lbs.. 


hot under 225 


ft 


m 


- 


* 


7 


18-2 


>» 


„ «25 


if 


n 


250 


fi 


- 


- 


• 


5 


27-2 


ft 


„ 250 


ft 


n 


275 


n 


- 


- 


* 


5 


80- 


» 


„ 275 


r» 


n 


300 


n 


• 


- 


- 


]0 


11-5 


>f 


„ 30O 


*9 


»» 


325 


n 


- 




- 


6 


80-3 


»j 


» 325 


*9 


»9 


850 


n 


* 


- 


«» 


3 


29 • 


» 


„ 350 


99 


n 


875 


n 


- 


- 


- 


2 


84-5 


»j 


n 375 


n 


>» 


400 


n 


- 


• • 


^ 


1 


2]* 


»j 


„ 400 




" 


" 


" 


" 


" 


^ 


4 
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The following is a statement of the number of lymph-charges 8ent 
from Netting Hill and of characters of the lymph as observed by 
rnjself at the St Thomas's Hospital vaccination station. 

Up to the 31st March 1882 1,352 charges of lymph were supplied U^^p'^ suppii* 
from this station to the Local Government Board consisting of — 

1,304 points. 
47 tubes. 
1 pair of glasses. 

The very incomplete and ambiguous reports of the effects produce<l 
by the lymph that were made by the practitioners to whom it was sent, 
renders it impossible to gather any exact information from them ; 
however, it would appear that the results with the old Hague stoek 
were not satiBfiu^tory and that a marked contrast was observable between 
this stock and the new Bordeaax stock in favour of the latter. 

Table Y. (page 38) has been drawn up to show the results of Children vacci> 
vaccinations done with animal lymph preserved on points and tnbes at s^ Thomas > 
St. Thomas's Hospital. They were all done by myself. h Ksj.itai with 

* ^ . j»r.'Ht»rved anm 

l.v:iiph. 



a I 
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Table V. — Showing the Results of Vaccinatioks done with kepi Animal Ltmph 
at St. Thomas's Hospital. Each Person was vaocmated in five places. 



No. of 

Chad 

on 

Register. 


Date of 
Chad's 
Vaccina- 
tion. 


A«eof 
GhUd. 


No. of 

Calf 

from 

which 

Lymph 

was 
taken. 


Method 

of 
preser- 
vation 

of 
Lymph. 


Amount 

of 

Lymph 

used. 


Time 

Lymph 

was kept 

in Days 

before 

being 

used. 


No. of 
success- 
ful 
Inser- 
tions. 


The Bang drawn in Black Ink 

rapfresents the avenae sise of 

Tesides ; the dotted Lmes rnro- 

sent the average Extent of Bednesa 

round parts on Bit^kth Day 

after Yacclnanon. 


887 


18SL 
July 27 


8 


No. 


Points 


2 


1 


1 




688 


t» 


amoBths 




n 


2 


1 







688 


$» 


3 m 




If 


2 


X 


4 




590 


M 


8 » 




w 


2 


1 


2 




•589 


»t 


23 years - 




f» 


2 


1 


8 




640 


Aug. M 


3 months 




§ 


§ 


1 







628 


II 


8 1. 




s 


§ 


1 


1 




646 


n 


3 . 




s 


§ 


10 







648 


n 


6 » 




fi 


§ 


10 


fi 




31 


1832. 
Feb. 1 


3 « 


36 


Tube • 


2 


17 







38 


tf 


3 „ 


36 


Tube • 


2 


17 


1 

1 


. — ^ 


t/05 


March u 


H „ 


47 


P<nnU-\ 
PoinUJ 


/ 


4 


8 


/-•^ 3"' 


40^ 


n 


9 m 


47 


4 


4 


9 


•"C]^^ 


Wi 


4 

n 


3 n 


47 


Ptfnts' 


1 


4 


6 




106 


n 


8 n 


« 


Points. 


1 


4 


5 


.-O- 


fOS 


*t 


9 „ 


47 


2V6m^ 


i 


4 


fi 


v-O- 


^09 


n 


t| , 


47 




* 


4 


e 


^•--o-- 


tuo 


• 


«l „ 


47 


Tubes^ 


1 


4 


3 


( ^ SIZE or 

V^ SCAR. 


111 


• 


3 >. 


47 


Tubes^ 


k 


4 








* Case of re-vaocination. 

t Calf 47 was vaccinated on the right side with the Bordeaux lymph obtained fh>m Dr. Dubreuilh, and onibe 
left side with the old HiM(ue stock. The children numbered 103, 104* 108, and 109 were vaccinated with lymph 
r(>Uectodft!t>mibenght8idepf thecalf (the new Bordeaux stock), and are printed in italics, whereas the w»i of 
the childnm done on the 15th March were done ftrom the lymph taken fh)m the left side (the old Hague stook). 

t Not inspected until the 20 th May 1882. Wlien the scar is examined during the first six months after vaccioa* 
tion the sise of the scar is, as a rule, about the sise of the vesicle on the eighth day. 

S In these ctaes the flsctt are oot recorded. Vaccinated child 648 did not return for inspection. 
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No. 6. App.AJfo.6. 

^ Offlcjftl 

Mehobandum issued by the National Vaccixe Establibhigbnt Momonuidum 

with SuPFJUEa of Calf Ltmph. MU.c»ifL>iu,.h, 

Calf-Ltxph Vaccinatiox. 

The preseot Ijmph is sent for the commencemeot oi a local series of 
irm'to-arm yaccinations. In using it for this purpose, it is to be 

xmembered^ 

(1.) That^ as cofMiored with humanized lymphy calf-lymph is much 

leu easy of removal from the ^^poi9its ; " 
(2.) TluU such lymph does not ^*take'* with the same degree of 

certainty as humanized lymph ; 
(3.) Thai the course of the early vcmcinations of a series is not so 

regular as with humanized lymph. 

Any child chosen for vaccination with the l/mph now sent, should be 
>elween three and fiye months old, and should be selected for its own 
ro(xl health and for the known good health of its parents. Two large 
'oints are needed for the vaccination of a single child. The lymph ou 
hem should be moistened for a minute with water, and should then be 
lioroughly rubbed into each of four or Ave places prepared on the 
liild's arm or arms* £ach of these places should be made by abrasion 
> ith a blunt lancet over an area of an eighth of an inch square. 

In vaccinating subsequent children, lymph should be taken from fully 
€\ eloped vesicles, before the formation of an areola round them* The 
accination of the first child is liable to be retarded, and that of the next 
^w children is frequently accelerated ; so that it is desirable to inspect 
be several vaocinifers on other days beside the day-wct^k, in order that 
lie best time for taking lymph may be assured. 



Calf-lymph for the vaccination of children is best preserved on points ; 
Lit if it is desired to establish local series of ca(/^/€>-<;a/^ vaccinations, 
mph in tubes or between glasses is to be preferred. Special applica- 
on to the National Vaccine Establishment should be made, if lymph 
ored in ^tber of the latter ways is desired. One or more perfectly 
•althy calves of four to five months old should be in readiness at the 
[ne of making the application. 
August 1881. 



W' 



J^ 



40 









L^ 



r 



,!* 



f 



No. 7. 

APF.A.No.7. Extracts from a Mebcobakduh bj the Medical Officbb on the 
VemoMdiim PREVALENCE of Small-Pox in LoNDON nmong Vaccinated and 

flnuoi-poz in Unvaccinated PERSONS respectirelj. (Addresam to the President, 

iwfflott J«°e 3, 1881.) 

It is just a twelvemonth since the Registrar General began sys- 
tematically to record what he could learn about vaccination in the 
case of deaths registered in London from small-pox, and it maj now be 
useful to take account of the facts and their meaning. The Registrar 
General tells us that he only returns as ^ vacdnated ** and '^ anTsccl- 
, nated "such cases of small-pox as are so certified by registered medical 

practitioners. Experience of the inaccuracy of the statement, excepting 
when thus certified, had rendered this limitation necessary. 

The facts about vaccination in Londoners dying of small-pox are 
stated in the case of not quite two-thirds of the des^ths registered ; they 
are not stated in the case of rather more than a third of the roistered 
deaths. It is to be regretted that the latter proportion is so large. The 
great bulk of the fatal cases among persons whose vaccination is ^ not 
stated," had certainly been attended by medical practitioners. Yet, 
through the qualified attendant having omitted to record the facts about 
vaccination, room is lefr for dispute whether the proportion between the 
cases certified as vaccinated and not vaccinated would be altogether tlie 
same, if the ^* not-stated " cases were taken into account. 

I am going, iu this memorandum, to regard the deaths among persons 
whose Taccination is not recorded (the *' not-stated ^ deaths) as having 
occurred among vaccinated and not vaccinated in the same proportion a:* 
the deaths of persons where the fact of vaccination was I'ecorded. Some 
people will be ready with their opinion, that a disproportionate number 
of '^ not-stated " deaths were of persons who had really been vaccinated; 
though, they would say, medical practitioners chose not to record a isct 
that told agunst vaccination. But there is no more reason for charging 
medical practitioners with reticence on one than on another ground; 
and it might just as well be suggested that they did not care to record 
a disobedience to law on the part of their patients, and that therefore it 
was chiefly in the case of those who died unvaccinated, that they would 
omit to state the facts about vaccination. Accordingly, I propose to set 
aside the '' not-stated '* deaths altogether ; being satisfied, as I think an) 
candid mind must be, that a fair approximation to the truth, about the 
comparative rates of small-pox deaths in vaccinated and unvaccinated 
may be got from an examination of the deaths that are <' certified'* to 
have taken place in the one and in the other class respectively. The 
absolute death-rate of the year in the two classes respectively cannot, of 
course, be measured unless the '^ not-stated " class were included in the 
calculations. 

I propose that my consideration of the Registrar General's groups of 
figures shall deal, in the first place, with the small-pox mortality^ of all 
ages; next, with the mortality of people under 20; and, thirdly, with the 
deaths of children under ^\q years of age. 

Of people living in London at all ages, there died of small-pox during 
the pa«t 62 weeks, 1,632 ; and of these, 326 are certiBed to have been 
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Taccinated, and 637 not to have been vaccinated ; while the facts about App. ▲. No. 7. 
TJKcination are not stated in the case of 570 of the deaths. M^moiiiidum on 

NoW; no one thinks of disputing that tlie population of London at all ^tnaiipox in 
ages is made up by very unequal numbers of vaccinated persons and of iiidiS offllr' 
imvaccinated, and the only question is how much larger one class is than 
tie other. Estimates, made originally, I believe, by Dr. Beaton, but at 
all eveDts stated by the Metropolitan Asylum Board in 1872, and 
adopted by the Registrar General in his Report upon the year 187 1, 
liHve given the vaccinated as 19 tiroes more numerous than the unvacci- 
iiated, and the estimate caimot be far wrong. On this showing, the 
present (onrevised census of 1881) 3,810,000 inhabitanU of London 
ilivide into a vaccinated class numbering 3,620,000, and an unvaccinated 
i-h^ Dumbering 190,000. 

Applying the mortality from small-pox at all ages during the last 
'>2 vifteks to these populations, we obtain as the rcUe of small-pox 
mortality for the tweltfenumthy among the vaccinated class, 90 per 
fiullion, and among Uie unvaccinated class 3,350 per million. These 
tate^ are for the inhabitants of London at all ages, and, as I have said, 
hey are not absolute rates, but they aie rates that arlmit of compiu-inon 
>ne with the other, and as such they are approximately correct.* 

I now pass to the consideration of the corresponding facts respecting 
tersons under 20 years of age living in London. 

The Registrar General's returns for the past 52 weeks show 874 
'(T>ons under 20 to have died from small-pox. Of these, 94 are known 
have been vaccinated, 475 are known not to have been vaccinated, 
tA the facts about vaccination are '* not stated " in respect of the 
vrnaiiiing 305. 

Now, the population of London under 20 was 1,398,048 in 1871, and 
Ills is computed to have increased during the pa.st 10 years to some 
,t;4(),000. What proportion of these are vaccinated and what unvacci- 
a ted ? The answer to this question may be derived from the reLitive 
rofx)rtion of the two classes found in 1863 upon an examination of 
•nl86 children in various national, charitable, and parochial schools 
lid workhouses of London. There were then 6*4 per cent, of children 
ho had no vaccination scar, or whose vaccination scars were doubtful ; 
ud the remaining 93*6 per cent, of children had scars of successful 
vicination upon their arms. With the machinery of vaccination 
lii^'ers commencing in 1867, and regularly at work since 1871, it is not 
> \)^. Bupposed that this per-eentage of unvaccinated has become greater, 
r the percentage of vaccinated less. Dividing the number of persons 
Lider the age of 20 now living in London, in accordance with these per- 
ntages, we obtain 1,535,000 as being the number of the vaccinated 
a'^s, and 105,000 as the number of the unvaccinated class. 
Applying the mortality from small-pox among persons under 20 years 
' »ge during the past 52 weeks to these populations, we obtain as the 
te fjf their small-pox mortality for the twelvenK nth : among the 
iccinated class 61 per million; among the nnvacci lated class 4,520 
r uiillion. These rates are for the inhabitants of f^ndon under 20 
ars of age, and they again are not absolute rates, but are rates that 

* If it could be imagined that all the' " not-stated ^ deaths were of persons who 
i never been vaccinated, the respective rates of all-age small-pox mortality would 
90 for the vaccinated, and would become 6,35U for the unvaccinated. If, on the 
H^r hand, it could be imagined that all the not-stated deaths were of persons who 
illy had been vaceinated, the respective rates of all-age small-pox mortality would 
'ome 247 for the Taccinated and 8,850 for the unvaccinated. Neither of these 
.'stimptiont ia in any way to be justified, but they may be useful as showing the 
lits of coocttvable error on the score of the *' not-stated " deaths. 



42 

Apf. a. ITo. 7. admit comparison one with the other, and as such thej are altogether to 

Mptnnrmdum on. ^^ li'ikSIGCl* 

SnuU-pozin It now remains to tell the results of a like examinatioB of the moftaliiv 

]^diS'oSi<^! of chUdren under five years old living in London. 

In 1871 the population of London of this age numbered 422,629, ftn<l 
this number (raised in the proportion that the annual number of birtb 
in London has increased) would be brought to 510,000 for the present 
time. How many of these are known to be vaccinated, and of how maoy 
is evidence of vaccination wanting ? This question can be approximatflj 
answered by a little calculation, based on the vaccination officers* returQ>. 
At' the end of the first twelvemonth or so after birth (when the returib 
are made up) one in every twelve of the children bom in London hare 
died ; and of those remaining alive, 91 per cent, are certified to luvc 
been vaccinated, the other 9 per cent, having either had small-poxi or 
having been reported insusceptible of vaccination, or having luid tbeii 
vaccination postponed^ or being unaccounted for as to their vaccination. 
Ninety-one per cent.^ then, of the London population under five will 
represent the number of such population living at a given time who 
get vaccinated in the first year or so after birth, and it amounts to the 
number 464,000 out of the 610,000. Between this time of London 
children's lives and their fifth year of life, several hundreds, not &it fnoi 
a thousand, get vaccinated annually at public vaccinating stations, and 
about an equal number get vaccinated by private vaccinators. 

Adding on this account 6,000 only, to get an estimate of the vaoei- 
nated population of London under five years of age, we obtain the 
number 469,000 children of that age certified to have been vaocioAtod, 
and may take the balance of 41,000 as probably not vaccinated; the 
latter number including all the above groups of insusceptible, nn* 
accounted for and the like, along with the children who ar^ under tik 
customary age for vaccination and the nnv^ccinated children of people 
who have come up to London from the provinces. 

In the 62 weeks under review there have been in the London com* 
mnnity 19 deaths among children under five certified to have been vac- 
cinated, 244 deaths among children of that age certified not to have 
been vaccinated, and 138 deaths among such children whose vaccination 
is *'not stated." 

Reckoning the two first of these figures as rates on the numbers o^ 
London children now living, vaccinated and unvacdnated respeotiTelv, 
we obtain, as the rate of their death from small^pox during the pa^^ 
62 weeks, 40^ per million among the vaccinated class, and 5,950 per 
million among the not-vaccinat^ class. These rates are for London 
children under five ; and I repeat once more that they are not absiolut^ 
rates (which would be higher for both classes), but they are rates wbicb 
admit of being compared the one with the other as showing the relati^ts 
mortality of the two classes, and as such they may be taken as correct.! 

The forgoing may be summed up as follows i-^ 

* Beckoning experimentally, m in the former note, all the ''not-stated" death.* 
onder 20 to the one and to the other class ; if they are all placed to the aoooaot of 
the nnTaccinated, the rates would become 61 among the vaccinated, 7,428 amoog tb« 
miracdnated ; or if they were placed to the account of the yaccinated, the rates 
would become 260 among the vaccinated, 4,520 among the unyaccinated. 

t Repeating the hypothetical calculations of former notes ; if all the ** not-stated " 
deaths undi?r five are placed to the account of the unvaccinated, the death-rttc per 
million of vaccinated would be 40|, and that among unyaccioated would become 
9,800 ; whereas, if they were all placed to the account of the yaccinated, the death- 
rate in yaccinated children would become 334, and the rate in unvaccinated 5,950. 
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•VIURATITE SmALL^FoX DzATH-RATSft amOXIg LoKDOKSRS, VaOCI- hrr.A.Vo.7. 

NATED and Unvaccinated respectively, for the 52 weeks ended « — r 

iv\ L m*- 1 oo 1 Mr J r nemonnaum on 

2Dth May 1881. Bmaii-poi m 

__^_^_„_ lA>udon ; bv the 
Medical Odicer. 



Deatb-rate of People of mbjoined Agos. 



Per M til ton uf 

each Aj(« of 

the ViK'cinatcd 

Class. 



Per Million o( 

each Aiftf of 

!}»#• Unvac- 

ciiuiUxi Oil 



j4]er 20 jean 
i'ier 5 ?cars 




3,350 
4,530 
5,950 



I proceed to consider wbat lessons are to be learnt from the above. 
(n) As no one suggests that the vaccinated and un vaccinated classes 
e under conditions di&ring from each other in their influence on 
ill I- pox, unless it be this one condition of vaccina tion, it follows for 
i>t inference that the vaccinated are much less liable to die of small-pox 
m the unvaccmated« 

'/)) The second lesson is, that vaccination is not an absolute protection 
litist small-poz. In recording the present illustration o£ a quite 
nitted facty it will be convenient that I should refer to the possibility 
lifFei-ence in the de^^ree of protection afforded by vaccination now-a- 
'^ as compared with former times. 

i'he College of Surgeons, in 1806, addressed ctrcuhir letters to its 
nlKTs, asking their experience €^ the protective power of vaccination, 

i'rom their replies the following was compiled and communicated by 
College of Surgeons to the College of Physicians. Vaccination had 
Q been in use some six years, not more.— It is the Board of Curators 
) are speaking :— 

*^ To such letters the Board have received 426 answers, and the 

following are the results of their investigation : 

'^ The number of persons stated in such letters to have been 

vaceixmted is 164,381. 

'* The number of cases in which small-poz had followed vaccination 

is 56. 

*' The Board think it proper to remark, under this head, that in the 

enumeration of cases in which small-pox has succeeded vaccination, 

they have included none but those in which the subject was 

vaccinated by the surgeon reporting the facts." 
Te have here the case of surgeons, in all parts of the country, writing 

period when the ordinary rate of small-pox mortality of Engkmd 

perhaps about the same as that of London during the present 
Hiuic. They are writing their experience of the vaccinations done 
hern six years before at the longest. The College, in printing this 
Tie nee of post- vaccinal small-pox, expressly limits it to cases 
rring in the practice of the several vaccinators. It does not record 
t deaths, if any, occurred among the 56 small-pox attacks. We 
ot now-a-days get any return for comparison herewith, but having 
ri^^ures of the Registrar Greneral for the past year before me, I see 
>ubOQ to doubt that a very similar ratio of small-pox attack would 
I been reported if present medical practitioners could be questioned 
» the amount of small-pox among those of their patients whom they 
tbemselves vaccinated during the six years last past. 
»r (c) the third lesson derivable from the figures above tabulated 

bearing upon the foregoing point) is that the degree of protection. 
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Ayp. A. No. 7. both actual and relative, afforded bj vaccinatioD, is greatest to people 
Memonndum on under five years of age ; less when ages from birth to 20 jwn arc 
£cmdon^*b"the ®^*™"^®^ > ^^^ ®^^' ^^8S whoQ people of all ages are taken into th^ 
Hedicai'Of^cer. aocount. Thus the distance of time from the operation appears to W 

concerned with the degree of its protective powers. 

The foregoing lessons from the Registrar Grenerars returns are ftowi^- 
new, but thej are taught afresh by to-day's experience among our own- 
selves in London ; and they would appear, therefore, to be worth bring- 
ing to the notice of people who are trusting to chance for ^e escape ot 
their children and themselves from the distressing, disfiguring, and fatal 
disease of small-pox. 

Londoners can, by availing themselves of one average vaccinatioD, 
diminish the chances of their children dying of small-pox in the propor- 
tion of 146 to 1 for the first five years of their life, and the samir 
vaccination serves to lessen, in the proportion of 74 to 1, the diaoce 
of their being killed by the disease before they reach the age of 20. 
After that a^e the vaccination in infancy is further reduced in ii^ 
protective influence, for the difference in 8mall-{iox mortality betwe^o 
the unvaccinated and the vaccinated class through the whole period ot 
life is as 1 to 37, a protection incomplete indeed, but obvionsly 
important for everybody to possess. 

You will observe that I have not said a word on the need for o 
second vaccination of people after the age of infi&ncy, but no qaestion 
of re-vaccination is concerned in the forgoing general conclasioss 
nor to any appreciable degree in the tabulated figures. The evidence 
now appearing as to the diminished potency of vaccination to preretu 
persons of later age dying of small-pox is entirely in harmony wii^i 
the abundant evidence which we possess of the great additioiul 
immunity from small-pox conferred by a second vaccination up<»Q 
soldiers, sailors, postmen, persons employed in small-pox hospitals, acii 
upon others ; and, indeed, if we had nothing but the present figai^s 
before us, they must be regarded as pointing strongly to a need fui 
repeating vaccination as age advances. 



45 



No. 8. 

Uf ifOBANDcm, addressed to the Medical Ovfickr, on the Epidemic of '^^^*J^o,h. 
Small-pox in London during 1881, witli special reference to it8 M^mnrandum on 
relation to PuBUC Vaccination ; bj Db, H. Stevens. i "ndon dunii* 

IH^I : by Dr. 

The periodic epidemic character which small-pox in the metropolis >>teveiu. 
-umes about ererj foorth or fifth jear again asserted itself In 1880, and 
^ now, at the beginning of 1882, passing awaj. Recrudescence of the 
f^easo commenced in the last quarter of 1830; it attained its highent 
lortality in the second quarter of 1881, from which time it declined 
fjfil the last quarter of the jear when the weeklj small-pox death-rat<* 
I'i become less than the average of the previous 10 years. 
The total deaths by small-pox in the year 1881 were 2,371 as shown 

Table A., which gives the mortality by this disea^ from the 
• dstrar General's returns for the last 15 years ; and of these 2,371, 945 
longed to the south group of registration districts, 597 to the east 
oup, 500 to the north group, 204 to the west, and 102 to the central ; 

were really extra-metropolitan. Thus it appears that two-fifths of 
r- \Thole mortality belonged to the south, and one-fourth, or thereabouts, 
the east. 

Table A. 

QUABTBRLY SmALL-POX MoRTALITT IN LOHDON. 



'Jiiartcr. 


1870. 


1871. 


1 
1872. 1873. 


1874. 


1876. 


1876. 


1877. 1878. 


1879. 


1 

1880. 188K 


• m 

• • 

• * 


99 
118 
167 
6^i 


1,255 


237 
131 


46 
S7 
16 
17 


84 

10 
10 
12 


37 

17 

16 

6 


7 
28 

110 
6i« 


I.IW 

8*28 

2:>2 

«72 


666 

61S 

i-w 

100 


221 

140 

63 

84 


122 
14« 

160 


617 
1,0H 

275 


■iL Yeah - 


968 


7,876 


1,781 


115 


66 


76 


735 


2,M4 


1,416 


468 


476 


2,371 



'^^7-^^-9, the anntinl mortality amounted to 1,882, tjO0,and 275 reflpcctively.but the qiiArterly 
a.'jry cannot be stated. 

lie following Table B. will more readily &how for 1881 the pro- 
ion of mortality by the disease borne by each group of registration 
icts as compared with the population of each. Here, as in the 
(ding Table, deaths occurring in hospitals are distribated according 
te localities whence they were brought. In Table B., 31 deaths 
irbt into metropolitan hospitals from beyond the metropolis are not 
J into account. 

Table B. 



ups of Metropolitan Bef^nition 
PUtricts. 


Populations of 
Groups. 


I)eath<< 
by Sinall-pox. 


Deaths per 

10.WX> of 

Population of 

Groups. 


i - - • - 


668,993 
905,677 
281,793 
692,530 
1,265,578 


204 
500 
102 
597 
945 


30 
5-5 
3 6 

8-6 
7-4 


Metropolis - - - 


8,814,571 


2,348 


6-1 



lie it is of general interest to note from the above Table the 

e incidence of mortality in each group of districts, it must not be 

ten that many districts are comprised in each group, and that 
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App. a. No. 8. 

Hemonundum 
on Small-pox in 
London during 
1881; by Br. 
SteTons. 



these districts difier much inter se in their vaccinatioD, their density of 
population, and in other respects, so that the liabilitj of the seTei&l 
districts to attack and death by small-pox cannot be inferred fiom th> 
liability of the group. For instance, we have in the sonth group oi 
districts Greenwich Union, having the largest death-rate on it« 
population, and Lewisham, which stands almost at the other extremt, 
having nearly the least rate of mortality. 

A somewhat more accurate, but still inexact estimate of the lekiT^ 
infectiveness of different parts of the metropolis will be formed by i 
consideration of the following Table C. in which the death-rate, ir 
proportion to population in each union, is shovrn. 

Table C. 

Deaths by Small-pox in the Metropolis, 1881, showing Death- 
per 10,000 of Population in each of the Unions and Parishes. 

(In the Districts marked H, a Small-poz Hospital is situated. The Deaths :: 
such Hospitals have been distributed according to the Unions or Parishes vks- 
the Patients were brought.) 



Unions. &c. 



.2 
Pi 



< 



§ 

a o 

p4 



as 



I 






Order of 
Deatimt' 



Bethnal Green 

Cunbenrell H 

Chelsea - - - 

Fulham - - - 

George, St. - 

George. St., Ea^t 

Giles, St., and St. Geor^ 

Greenwich H 

Hackney H • 

Hampgtefid 

Holbom 

Islington H - 

Kensington 

Lambeth 

Lewisham 

London, City of 

Marylebone, St. 

Mile End Old Town - 

Olave, St. 

Faddington 

Pancras, St. - 

Poplar - - - 

Saviour, St. 

Shoreditch 

Stepney 

Strand - - - 

Wandsworth and Clapham 

Westminster - 

Whitechapel • 

Woolwich - 



127,006 

186,555 

88,101 

114,811 

14e.ft03 

47,011 

45,257 

181,264 

180,400 

45,436 

151,716 

282.628 

162,924 

253,569 

73,314 

51^306 

155,0M 

105,573 

134,586 

107,098 

236,200 

156.525 

196,111 

126,565 

58,500 

33,514 

210,397 

46,456 

71.850 

80,782 



'^55 



4,<i50 

796 

4.003 

1,948 

248 

245 

3,426 

8,!V» 

2,218 

816 

8.107 

2,190 

8,941 

11,436 

668 

1,506 

670 

1,503 

1,251 

2.672 

2,335 

1,119 

648 

462 

403 

11,4S8 

216 

878 

6,500 



168 

41 

110 

28 

76 

193 

184 

88 

47 

20 

185 

90 

74 

64 

6 

76 

102 

155 

89 

85 

88 

67 

174 

199 

126 

83 

18 

216 

188 

12 






121 

198 

81 

45 

89 

42 

10 

246 

246 

6 

57 

ISO 

52 

99 

17 

16 

88 

63 

112 

28 

80 

96 

139 

183 

4i 

10 

101 

14 

48 

83 



9*52 

10-61 

3-51 

3*91 

2*60 

S'93 

2-20 

18*74 

13-19 

1-33 

8-75 

4*49 

3*19 

3-90 

2*30 

3*11 

2*46 

6*96 

8*3i 

2*14 

3*88 

6-13 

7*12 

14-45 

7*52 

6*66 

4*80 

8*01 

6-72 

4*06 



I 



4tL 

«JtL 

I7lh. 

6tlL 

1st htft^^ 
SrdL 

Wh. 
15th. 
2ind. 
IgtL 
2nh. 
2SrL 

l*th. 

7lh. 

S»h. 

Sl3t 

lltb. 
Mb. 
fnd. 
Sth. 

mb. 

»th. 
lOtb. 
idtb. 



After the epidemic of 1876-7 the inequalities of the inddence of tl/ 
disease in the metropolis formed the subject of a communication froi^ 
the Metropolitan Asylum Board, and comments were made in Y^^^^' 
ment respecting the great and continued prevalence of small-pox i' 
London as compared with other large centres of population in which tt 
disease had not occurred for several years. And, finallj, at the coci 
mencement of the late epidemic you referred it to me *' to inveetigs>' 
** the relationship of the then recent recrudescence of small-pox to t^ 
'' vaccination arrangements in the metropolis." 

In compliance with your directions I gave you a short recapitulatlc;: 
of the facts I had gathered in the course of my inspection of pn^^' 
vaccination in the metropolis which led me to believe that our o^ 
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( ' ptioDal yisitations of small-pox in the metropolis vere to a conPideraMe Apr. a. Nu %. 
•x tent doe — if.m«J77..« 

1. To unprotected migrants from one to another union. yn sm«ii-r-»i tn 

2. To unregistered or inaccurately registered infants who could not lii?'; bViJr*"* 

therefore he traced ; and Swvcirt. 

3. To bad] J vaccinated children and adults, and anreTaccinated adulu 

and adolescents. All these being of course in addition to a 

varying amount of default in infantile vaccination in each district. 

Since then I have made careful investigation into the circumstances 

' <^nneoted with each death bj small-pox during the last year. Inquiries 

t' this kind in respect of persons of adult and more mature age are of 

ourse difficult and must of necessity be very incomplete, and some of 

lie evidence obtained is necessarily somewhat unreliable ; but my chiof 

i.deavour has been to secure completeness as nearly as po^^ible in the 

ji-tories I have obtained with regard to the deaths by siuhU-jwx of all 

liildren of 15 years of age and under. 

Of all those who have died at these ages I have very reliabh} records 
i': J. their birthplace ; 2, their length of residence in metn>politan 
!iiuns, if not born in them ; 3, the fact of whether or not they had 
'^n vaccinated ; and, 4, if vaccinated, by whom the operation had been 
♦'rfornied. 

These particnlars are recorded in a register in which the death:^ are 
itt-red in the order of their occurrence, and consecutively numliered, 
' liiat now, reference can readily be made tocjich ca»<e, and the notes or 
camenU relating to it can be prwluced for examination. 
V>rue sj'noptical tabh'S I have dt'<iuced from this register show : — 

1. The deaths pertaining to each union that took place (a) in 

hospitals, and {b) at their own homes. 

2. The deaths of persons who were natives of the union in which 

they died (or from which they had been removed to ho-^pital), 
and the deaths of immigrants into the different unions to 
which their case was debited, and — 

3. The condition as to vaccination of those who succumbed to the 

disease. 
Table D., appended to the present meraorantlum (page 51), f^hows the 
1 liber of deaths by small-pox that occuiTcd in each of the metropolitan 
ons in the year 1881, classified as vaccinated, doubtful, and un- | 

cinated. i 

Kroin that table it will be seen that the gross number of deaths ! 

Minted to 2,379, including 31 among extra-metropolitan residents. Of 
-e, 738 had been vaccinated, 348 were returned as doubtful in respect j 

accination, and 1,293 had not been vaccinated. It will be seen that ! 

ro than half the small-pox deaths of London occurred among the 
.'tccfnated, who form but a small minority of the population ; that 
than a third were among the vaccinated, and that no a*5surance 
'rj be obtained of the vaccination of the individuals in the case of 
It one-seventh part of the deaths registered from small-pox. 
licse figures of course refer to deaths at all ages and of necessity 
rijce those adults who had only been vaccinated in early infancy and 

had not renewed their protection by recourse to re-vaccination, 
(it of the total deaths, 1,125, or nearly one half,* occurred in children 
.5 years of age and under, and of these the proportion of deaths 

occurred among vaccinated, unvaccinated, and " doubtful " was 
Efctivelv about a sixth, above three-quarters, and about a seventeenth 
o£ the total deaths. 



It will he remembered that one-half the deaths by small-pox formerly oocoired 
i!dren of five years aod aoder. 
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1881; by Dr. 
Steyeos. 



Fortheri as experience has long shown the extreme Tamtions in 
protective power of different qualities of yaccination, great care has been 
taken to ascertain bj personal investigation the history and natare v\ 
each operation, in the case of persons dying of small-pox after vaodn&tiort. 
It was known that, if the experiences of 1881 were in harmony witb tbf 
experience of other epidemics, well vaccinated persons would be fouinl 
to have died of small-pox within the first 15 years of their life at ao 
infinitesimaUy small ratio. 

The result has fully justified the anticipation of experience. For 
although in respect of many of the deaths the precise quality of th'' 
vaccination could not be ascertained, that of the children who had been 
vaccinated by public vaccinators was found to be capable of (k^v 
recognition. And in the case of the several children who died of i$maIN 
pox afler public vaccination, I have the gratification of recording (bnt 
very complete record of the circumstances of their vaccination vk^ 
always forthcoming. 

Now, of the 1,125 children of 15 years of age and under who dic'l 
by snmll-pox during the year, 56 were reported as having been 
vaccinated by public vaccinators, and in the great majority of the!'<^ 
cases I have secured what will, I believe, be considered on the whole a> 
very fairly substantial reasons for their deaths apart from any sappo3e<I 
failure of protection by vaccination. As the result of diligent peraon&i 
inquiry into the cases of these 56 children, I have to record that io 
some instances the operation had been performed after small-pox had » 
strong hold of the system ; in others the child was at death's door b} 
some other disease when infected by small-pox ; while, in a few 
cases, the child (reported as vaccinated) was found not to have been 
vaccinated at all. 

Of the 56 children under 15 years of age reported as having been 
vaccinated by public vaccinators it would appear tliat 22 had either 
not been done at all, not done by public vaccinators, or with excep- 
tionally poor results, 13 had been vaccinated when smull-pox vras 
incubating, 13 died of other diseases than small-pox, of 7 no clear 
history was obtainable, and one appeared to have been fairly well 
vaccinated by a public vaccinator. 

But it will be observed that the age of 15 is that at which re-vacciaa- 
tion is enjoined even to those who may have been well vaccinated in 
infancy ; and, as it is known that a very large proportion of the children 
swelling the year's list of small-pox mortality had been very indifierentlj 
vaccinated, a greater interest will attach to a consideration of the 
position held in the death record by vaccinated children of an earlier 
age. Children of 10 years and under represent the only class of ^ 
community that can be taken as a fair specimen of the results of tb? 
improved administration of the Ck>mpulsory Vaccination Acts that has 
obtained since 1871. I have, therefore, in another appended Table, (E)t 
abstracted from the more extended Table D the deaths that occurred in 
all children under 10 years of age, and to this I have added copious and 
precise notes of their condition as to vaccination or as to compHcatioa of 
diseases other than small-pox that may have contributed to their death. 
From Table E. we find that of the deaths by small-pox of children 
under 10 yeai*8 of age 125 had been vaccinated, 782 had not been 
vaccinated, and of 46 the vaccination was doubtful. These figures are 
relatively to the whole number of deaths, in the proportion of about 
one-eighth vaccinated, four-fifths unvaccinated, and one-twentieth 
doubtml. Moreover the gross number of deaths under 10 years yn& he 
found to form just 40 per cent, of the total small-pox mortality at sll 
ages in 1881 • This shows a marked improvement in the rate or ia^^ 
mortality by small-pox ; prior to 1871 children under five years of ag^ 
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coQtribiited betwe^ SO and 00 per cent, to the total mortilitj hj tb*t aft. aJTo. i. 
Ibease; doling htt yeftr's epidemic they fonned onlr 28 per oenL of the Mcx .nc^.a 
mortality, nad children up to 10 yeer» (or doable the age) contnlmted u^T^^JTZ'^iJ^ 
< rilj 40 per cent of the total emell-pox deaths. ^^'^ , r i^. 

Of the 125 deaths bj aoall^pox after Taccination of children nnd^ "^^^^ 
10 years of age, 43 were repotad to hare been racdnated bj pnblic 
O'^cinatorsy aod 82 privatelj. In the oonrae of iaqalrj it was found 
liat of the 43 rented to hare been vaccinatpd bj public vaccinalors 
:ght had either not been raccinated at all, or the operation haJ been 
li^ucceagfol; then of the 35 1^ 12 had been vaccinated too late, small- 
ox hftviiig got too strong a hold of the sjatem when the openaion wa.^ 
erformed^ and of the remaining 23 reported as baring been vaccinattnl 
Y public vaodnatorsy I beUeve the notes to Table £. will go a great 
•<y to satisfy most people that no fiailure of the protective power of 
tC( ination coold reasonably be allied as a participator in the cause of 
i^th, except perhaps in one case. 

Of the perfect aocoiacj of these notes there can be no {K>>»Ible doubt, 
'lUf^ that I hare in every case myself obtained the information by 
rsonal commonication with parents, medical attcuJaoLNy or other 
wtworthy witnesses. 

As it may prove ol interest to note separately the deaths that occurred 
ijo<;j)ita2s, and those that took place at the peoples homes, I have 
>^</ another Table F. (page 56), in which the deaths are so divided* 
rhia table sbows that while 1,557 deaths (inclodiog 31 extra- 
rojx>Iitan cases) were recorded in hospitals ; 822, or nit her more 
n a third of the whole took place at their own homes. Of thei<e 
:kr3 the deaths in hospital embraced 474 of vaccinated, 208 of 
' tful, and 875 of unvaccinated persons ; and of the jNTsons who die'i' 
At own homes, 264 had been vaceinated, 140 were doubtful as to- 
ination, and 418 had not been vaccinated. 

rom these figures it appears that of the deaths in hospitaL, nearly 
rhird were s^nong vaccinated persons, more than a half among 
inTaeciuated, and about an eighth part among those whose vaccina- 
was doubtful ; whOe among those who died at their own homes, 
j)rQportiOn of imvaccinated was slightly less, bnt there were still 

one-half the deaths occurring among persons who hod not becu 
riated. 

I conradering the foregoing statements and the tables on which they 
rc)anded, it is apparent that a considerable mortality by a very 
n table disease has been again allowed ; and attention will naturally 
at of all attracted by the fact that nearly 78 per cent, of the young 
ns under 15 years of age, and 82 per cent, of those under 10 who 
>f smaQ-pox met their deaths after omission for some reason to. 
le them with the large measure of safety which the law ordeia 
vhich the State provvies for them. This would seem to imply 
i lilts in the machinery for the provision of vaccination, or (2), 
f%'e adminiatration of Uiat machinery-^possibly both, 
rather point that most attract attention is the comparatively largo 
£*r of cases in which there was donbt as to whether vaccination 
^en secured or not. This extensive £ulure to discover whether 
lation had been performed or not obtains not only in respect of 
^ occurring at the homes of the people, but in an almost equal 
! in rei^tect of deadis taking place in hospitals. The exphuiation 
3 circmnatance in the case- of hospitals largely consiats in the 
>e of some resident medical officers to avoid calliiig a patient 
ccinated,'* imless (in addition to any presumption from lack of 

ke non-Tacdnation la specifically admitted by the patient or his 

n 9199. 
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friends. It seems not unreasonable to infer that these numerous CAsea 
of doubt include a considerable majority in which there had beei do 
vaccination. At all events the practice of those- medical offioerK most 
remove any ground for suggesting that the recorded mortalitj of the 
unvaccinated, however extravagantly in excess of that among tb<> 
vaccinated^ has been made to appear larger than it actually was. 

With respect to the unvaccinated it is only fair to metropolitu 
vaccination officers to point out that a certain portion' of tfaeunTic* 
cinated who died by small-pox were of so young an age as not to hxn 
yet come under the attention of such officersy and that about two-tbirds 
of the whole number that had escaped vaccination and afterwards died 
from small^pox were people who had moved out of the union wherv 
they were born into the district where they became attacked bj the 
disease. The deaths by small-pox in children of three months ana 
under contributed nearly half the deaths that occurred among childRo 
under one year. These infants had not (or had barely) come under tbf 
attention of the vaccination officer. The deaths among them were 123. 
being 114 among children bom in the district where they died, and 9 ii 
those bom in other districts. Thirteen children who died of smali-pox 
in these early months are returned as having beenVaccinated ; bat in &U 
of these 13 cases the operation was done after small-pox had taken bold 
on their systems. 

As respects the effect of moving population it is not to be wondeiei 
at that among older persons a minority were &und to have been attacked 
by small-pox in their native union, seeing that few people live and die 
in the same locality. But from the appended Table G (page 66) Bome 
facts may be gained as to the migration of younger persons. Of childret 
of 15 years of age and under, more than half were alien to the place t<> 
which their deaths were refeixed. And of these children the vaocuutioc 
officers of the district into which they moved would have, in nocbi 
instances, no knowledge whatever. 

But, while exonerating the vaccination officer from blame for th^ 
escape of so many vaocinable ciiildren, it must be noted that such esc&p^ 
was in numerous instances the outcome of the divers and too nomeroa- 
local governments into which the administration of the Yaccinatioti 
Acts in the metropolis is broken up. 

A means adopted by many of the metropolitan unions for aecurio;: 
a greater completeness of vaccination was the institution of house-to- 
house visitations for the purpose of finding out and getting protected lii 
unvaccinated children, and of advising adults not to neglect the advan- 
tages of re-vaccination. 

But this procedure was not universal in the metropolia. Tl|' 
guardians of several unions neglected such precautions, and in thi* 
way afforded opportunities, of which they were probably una^^»(«, fvt 
evading the provisions of the Vaccination Acts and for getting a wf*^' 
less prevalence of small-pox in their unions. People who are making i' 
their business to arouse prejudices against vaccination have distributt'^ 
handbills advising the removal of children from the district in wbic- 
theii* birth was registered into other districts ; and it is notorious tb:t' 
in order to avoid the scrutiny of the house-to-house visit(H« cbiid^ - 
have been moved into districts where the guardians would not earn 
out such a search, and thus hundreds of unvaccinated children bav<^ 
been allowed to remain to swell the mortality by the next small-p^^ 
epidemic. 

In this regard it appears much to be desired that some uniform 
administration of the Vaccination Acts could be secured for the wbo'^ 
metropolis. 
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Table E. 



EBED Mortality from Small-Fox in 1881 in London among Chilp&£N imdcr 

. Ten Yeabs of age. 
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Tablk £ (continued). 

Notes of Cases stated to have been Vaccinated by Public 

Yaccinatob. 

(*] V. S^ aged 4) yean (Na 897 in refrister). waa aUted to have been vaoctnated hj public 
Tio( inator. tbou^ the name did not oocor in his vaccination refrister. The mother aU^ted that 
■vhtn the child waa flnt taken ill abe Uioiight it waa measles, and aha was conftnned in her 
Lp:.M';nhyDr.S ' , whom she ealled in; but after attending five da^ he mid it waa 
^uiall-pox, deciding (according to the mother's statement) by the presence of one spot on the 
rd^'e of the noae* In earlier life the mme doctor had attenttod the child, stating thai it waa in 
'ne ilrst stage of consumption. 

(^) TV. J. D- aged 4) years (So, 091 in register), vaccinated by public vmoeinator when three 
Liiouths old : but motlMBr stilted that it had only very small marks on the arm. She further 

t:^^(^^ that the child waa ill four days, that it was attended by J>r. Miller, of Bethnal Green 
Iv^ul. Of this case Dr. Miller writes: "I should be most happy to give vou any information 
' nispectinfi; the ease yon refer to ; but I have neither attended the child nor yet any other 
' pt^rsijn at the address vou mention, and furthermore 1 nuy state that I have not lost a small* 

V^i [Mitient in the pariah, so that you must have been misinformed." The mother fUrther 
tAted that the child waa alvrays thin and emaciated ; but that it had had no particular complaint. 

( ) C. if. F^ aged seven months (Xo. 20B6 hi register). The mother stated that her baby waa 

> "tiny veaaelv thing," and that the pnbHe vaccinator hesitated to vaccinate it; but as 
ther wished It he did; but it took very imperfectlv. It only showed in three very small 

'::i'h, and soon died away. She had had otner children vaccinated, and "had seenacpood 
ifral." but never saw so poor an arm aa her baby's. 

('') J. H^ aged 10 years (No. 74 in ragister)* Mother stated that he was a strong child untfl 
-^ tcx-'k the imall-pox. He waa taken ill on Monday with sickness and pains in back ; eruption 
' 'Vr-ii red on ^¥ednesday. Diphtheria appeared on Fridi^, and he d led on the following Monday. 
.-i\i!-pox only lasted Ave days, and there were only five or six pustules. 

I ') IL A. H., aged 1| years (No. 1«7S oo register). Mother stated that child never IumI small- 
'2. its vaccination waa deoyed on account of its health ; it alwavs waa delicate. The child 
• k m^-a&Ies in April, and had had influnmation of lungs, which never left him to time of 

> ieath. Three weeks aftor the measles a slight watery eruption appeared, there were less 
'^\ u dozen spots about the body. Chest was very bad and Dr. Calpin called in. who said it 
••■s irJHiamtMon ot the lungs, the result of measles and chicken-pox. The eruption got quite 
r 1, and. a week after, the doctor examined the child again carefully, and stated tiiat it waa 
TerinK from inSammation of hings. Then— in about a month— all the children had scarlet 
ver, and R. A. H. had it also. The lung mischief continued, and he died in about a week. 

( ') G. C. aged sevvn years (No. 928 in register). Mother stated that after vaccination child's 

in was rubbed, and on inspection no lymph eould be taken from it. The people were living 

ibe irreatest squalor and porerty—scarcely any clothing. Mother gave as little information 

;^>tsible. Fatno' said the boy never had small-pox at all; and neighbours stated they 

1 ieved death to have been caused by want of necessaries of life. 

I s) A. L.. aged 10 months (No. 488 in register). Mother stated that on inspection public vac- 
i'utor said it had taken very slightly, uia that it should be done sgain soon. The arm took in 
iy two places, and those very small. Mother " never saw siuih small marks." 

') J. M.,aged 4| ^ean (Now 2208 in resistor). Yaoeinated the week after Bank Holiday. 
!• Ti only one vaocinifer was presented for inspection, and JT. M. was the 13th done from the 
id. snathe Taocination took only in two places. 

' ) W. P.. seed 10 years (Na 8228 in register). Mother stated that this was her youngest child. 
It 8he had oeen in very poor heiUth for several years ; that a week after the vaccination the 
.d liad sores on the head, for which she got hospital advice, and that he had two subsequent 
urns of the head complaint. She beUeves her boy had four marks on his arm, but had no 
(Uection of their character. 

i ) £. D., aged tour years (No. 1288 in register). Mother stated that she knew B. D. had only 
' vax^cmation mark on her arm, and she did not believe that she had small-pox at all. She had 
w ^niall spots on fi»oe the siie of pins' heads. The sanitary inspector when he called also 
bted it bemg small'pox. 

' ) I,. B.. aged two years (No. 1084 in register), waa vaccinated at public station, but had only 
mark on arm. 

; J. B., aged nine yean (Na 799 in register). No reliable evidence as to the child could bo 

Parents conld not be traced, and landlady of house where they lived knew nothing of 

n, or of the child's vaccination. The name is not to l)e found in the public vaccinator's vac- 

r ion register; and a brother who died of small-pox (Nu. 1117 in register) had not been 

> ii. a. M.. aged two years (No. 899 in register). Mother stated that her child when 
:iui t*-<l had what she called a ** bad arm," and very large and distinct marks resulted. The 
I wxs taken iU with sore throat about 24th April 1881. and a red rash appeared on the 
win If clay. She took the child to a chemist, who pronounced the dinease ^ scarlatina," and 
•^odi Her to call in a suiveon. She then applied to a so-called " provident dispensary," the 
t :i n t from which attended the child, and he thought it was snflerinf? from meatlos. Uuoii 
iTxh April the child got convulsions and died, and the death was certitlcd as "variola." 
u inti^. The mother further stated that the child never had pimple, pustule, or any 
r m>ih than the red mottling of the skin previously referred to, and tlmt after death the 
^ CO ^>f the skin was as smooth as the day the child was bom. The Medical Offlcer of Health. 
i$rT,\vTunjT. also writes that on seeing the notice of death by vsriola in his weekly return he 
< .1 loe visited the house, examined the coruse of the doceasod child in the presence of two wit- 
.. ^si, ajid satisfied myself (a) that this cnild never had small-pox or any complaint which 
.Ul iM «4sibly l>e mistaken for that disease ; (6) that no eruption of sn.v kind existed on any 
rt ol* its bo<ly; (c) that there wns no small-pox then in that house, or in that street ; 
) l^i2*t. the relutivcH indiinuintly denied that their child had sni;ill-pox, but said that it had 
I a. ' croupy rold' ; {e) that death apiieanMl due to lunfr diaea«ie. I maA- add that I caused 

; \:rrc3fT to oe corrected in my next report, and in that of the Eeu^istrar GreneraL" 
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AfP.A.No-B. <*) A.H.H.,t«dlO;c«n(Ilo.tUnirtBJit«t) 

— veivpoar iMkltb lor more thui two jraan. she h 

Mtmonuidiuii uia tben chiokaa-pax : uidwheD taken viChniulL 

on BmaU-pdi !n <m Tbnnd^nl^t. mud iHb died the lollowins Bu 

London *uii« (») B. U. W., wed two smn (No. ICTB In » 

1S81 ; by Dr. diflarent mmrlu of rucinktion m UiB motber >tt 

H. . ... -lo moreover »ld th»t thB obild w - ■ 



(r) A. N., »eed eiRbt fan [No. 817 in nfiaiet) 
drow^ itout child, but that it was never Uid u; 
three place). 

(i) j. Z., and (our jean {No. 1971 in regiiter) 
badlT.Mitnatnoneaouldbe iiuidnKtedrroin it. 8 
and her pervifltent reaiitance to the nuroet irho t 
death tbka anj small-poi she miitbt huve but. 

(') J. O, seed »even jean (No. 1«B In KKitle 
only in three places, when tbe child went to hi 
on her, and in a week or bo ihe KOt iJretty well ■ 
diarrhcpa and died. She wat in boepital nve weel 

<■) W. M., aged one fear (No. 624 in r««K>ter). 
one siD«11 pUwe, and the doctor at tbe hoanital st 
thatiaab.'^' 

(•) F. C. B., aged IS month* (No, 13«S in roglst 
and did well up to about tbree months old when i 
well HoapiCsl. The babr was nuned b; her il 
inother came out ol boipual ebe found her babr 1 
little imUl it began to teeth : ihe aoncht medical 
oae ooeoalon it wai ao vei; ill that the doctor dc 
primal? cauM ol tti tlluev. And altfaoucli IS moi 
<^ -I, ghe stated further. -Hrobild did not; 



bronchitifl and vbooplnff i 
■lightlj on Friday -- >•• 
whoopmg cough h 
fatal. 

('1 K.C.,ivedavejeara(No.BTDinregister). 
Parents could not be found. (^Uddiedon 2Jrdi1 
Taccinated it on tbe 2£nd. and impacted it on tSII 
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No. 9. 

On a Case of " Sausage Foisonino *' which occurred at Arlford, An. A. No. >. 

near Chester; by Dr. Ballard. onmeMeof 

G. T^ teU 42, a gardener in the employ «£ the Duke of Westminster, n'Ji'chiSlI^'liy 
<iii J in his usual state <^ good health, had occasion to go into Chester, a Dr. Baiiani. * 
ii-tance of a few miles, which would occupy him about half-an-hour to 
iirive, early on Saturday morning, March 1 3th, 1881. His wife says that 
lie took with him for his dinner that day some bread and bacon, but on 
iis return it was found that he had only eaten the bread, having brought 
iorne all the bacon he took out with him. While he was in Chester ho 
xircbased at a shop there about half-a-pound of sausage. He had 
etumed to his work at the ganlens at Eaton by 10.30 or 11 a.m., and 
Ls wife and other persons saw him there about that time quite well, 
le had nothing to do before noon but groom his horse, which he would 
o immediately on his arrival at the gardens. At about 11.45 he was 
en by his son lying in the stable very ill, and he told his son that he 
;i(], since his return, eaten the food he had purchased in Chester. 
Jtere is every reason then to believe that he ate the sausage after 
ooming his horse, an operation which would take about half-an-hour,* 
riiulv, between 11 and 11.30 a.m. He had gone out in the morning 
thout his breakfast, and it is not certainly known whether he had any 
nor food in Chester. But as his appetite was shown to be good by 
; having eaten the whole half-pound of sausage, and as there is no 
i deuce of his having purchased anything but the sausage in Chester, 
? probability is that he had not. Had he eaten anything, it would 
>l»ah]yhave been the bacon as well as the bread he had taken out 
h him. 

»\'hen first seen by his son, and later by others, he was lying on 
le hay, and suffering from abdominal pain, which was so severe as 
f <Iouble him up," and caused him to roll about in agony. He appears 
have vomited early in the attack, and subsequently to have been 
fred. As the pain and sickness continued he became much prostrated, 
sons who saw him say that his head was hot and his face flushed, 
le bis feet were cold, and that he complained alternately of heat and 
iness. At about 4 pjn. he was carried home to Arlford, lying 
uin^ at the bottom of a cart, and was helped upstaira to bed. There 
no evidence and there was no indication about him that he had 

drinking. During the evening and night he continued to vomit 
ret elk Tiolently and also to be purged. The vomited matters at this 
are sAid by his wife to have been watery and clear looking, and the 
• 1 disoharges watery, brown, and somewhat, but not very, offensive. 
rns -vGTj thirsfy. A medical man, Dr. Thelwall, saw him in tha 
e oT the evening, and gave him a stomachic mixture. He saw him 

<:>rt tlie Monday morning. He says that then he was complaining 
j^-tiy soreness in the chest, and pain under the sternum, and that the 

^vere rusty and glutinous. He gave him some saline aperient 

ine, and later in the week some medicine containing antimony and 

xjnrjm He says he considered that the mau was suffering from 

\ lit is, Mixd trei^ him accordingly. As the week went on he is said 

f^ irnptoved, but on Sunday, March 21 st, his breathing became 
lifBo^lt, and he died in the course of the evening. The coroner 

D 6 
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App. a. No. 9. refiised to hold an inquest, so that as the body had been buriedy nopoit- 
On a casTof fnortem examination was made. 

"Sanaagepoiflon- I discovered on inquiry, in which I was assisted by Dr. Kenyon, tlie 
'i!£f'oh^[by Medical Officer of Health for Chester, that the portion of saosage eaten 
Br. Ballard* had been cut from a sausage of a new consignment of similar aaasages 

which were of American manufacture. Immediatdiy on the man's illness 
becoming known, the rest of the consignment was set aside and not soli 
Several of the sausages, including that one from which G. T. had been 
served, were given over to Dr. Kenyon, who, at my request, forwarded 
portions of each that he had to Dr. Klein for experiment. 

The sausages were of a large description, similar to those commonlj 
sold under the name of ^ German sausages," and weighing each several 
pounds. Each sausage was imported packed into a cylinder of tinnd 
iron, the interval between the sausage and the cylinder being filled in 
with melted fat. The covers of the cylinders were soldered down. Tk 
sausages were said to have been made of be^. On rough examinalioii 
they appeared to consist of some kind of cooked flesh mixed witli pieces 
of raw pork fat, the whole being seasoned and coloured with red oxide of 
iron. On chemical examination no other mineral substance was db- 
coverable. The ^shly cut surface had no unusual odour. 

No similar case of illness was heard of either in Chester or its nei^' 
bourhood. The vendor of the sausage told me that a cat of his had 
eaten part of the same sausage as G. T., and was not taken ill. 

The following is Dr. Klein's report of the experiments which be 
made: — 

" The sausages were marked 1, 2, 8, 4, 5, 6, 7, 8, 9. No. 9 was tli€ 
remains of the sausage which G. T. had partaken of. 

^ These sausages were used for feeding animals — ^rabbits and mice. 
While some samples (Nos. 7 and 5) proved innocuous, others (^Noa ^ 
and 8) were very poisonous. 

"With No. 6 were fed 12 mice and 4 rabbits. Of the mice, five did 
spontaneously (three afler 24 hours, and t<^o after 60 hours), three it-crt 
killed while ill, and four escaped illness. Of the rabbits, one dkc 
spontaneously during the first day, one during the second day, and tk 
^wo others were killed while ill. 

" With No. 8 were fed four mice. Of these, one died spontaneotHh 
after eight hours, one after 30 hours, and the other two after 24 hoars. 

" On March 26, four rabbits and four mice were fed with No. B (xh> 
sausage G. T. had partaken of), and none of these animals sailer^^ 
illness. On May 2, however, four mice were fed with it, and becair 
ill ; but they had recovered perfectly on the fifth day. 

^ In all instances where the animals became ill, the illnets shoves 
itself very soon after the feeding ^ viz., from a quarter of an hoar t - 
several hours. The animals became very quiet, and in some instances 
especially in the rabbits, there was vomiting a quarter of an hour aft^rr 
feeding ; they did not take their food and did not care to move, the-: 
faces became pinched and their eyes small. In the case of the mk>. 
their coats became very rough. This state soon grew worse, the anim^ 
becoming comatose, the temperature rapidly sank, and the animaSr** 
soon died. In some cases they lingered on for several days, recovered 
slightly, took food again, and became a little more lively ; but wheo 
kiUed they showed the same post-mortem appearance as those that clfcc 
spontaneously, only in a milder degree* 

^ On post-mortem examination the appearances found were, kcemarr 
hage in the stomachy congestion of the lungs, enlarged kidneys, tb* 
cortex of the organs being pale, the medulla hyperaemic. On iiucc» 
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s^opical examination of the kidneji the important fact was ascertained 1pp. A. No. o. 
tliat most of the urinary tu&ulet contained castsl that man j Malpi^ On ^ ^^t 
ghian corpuscles and the tissues sorrounding them were in a ttate ."SauM^BDoiion- 
of disintegration^ withoat, however, there being present any inflam- LeL tester r^y 
matorj cells (pos-corpuseles), so that this disintegration was evidently the ^* BaUanL 
direct result of some destructive agency cirealating in the vessels of the 
giomenili of the Malpighian ocnpuscles, 

^^ The result of these experiments was then in a high degree indicative 
of the presence in the sausages of some chemical poison^ for the sudden 
illness following shortly after the feeding, the vomiting, the haemorrhage 
in the stomach, and the condition of the kidney are just such as to be 
compatible only with that assumption. 

"Consequently, part of sausage No. 6 (which had proved very 
poisonous to mice and rabbits) was forwarded to Dr. Dupr^, and he 
prepared from it, a, a cold alcoholic extract, and, &, an alkaloid (in an 
impure state). Experiments, however, made by feeding and inoculation 
^vith eidier of these on a dog, two mice, and two rabbits did not produce 
aoy symptome^ of illness." 

There is no necessity to add many remarks to this statement by 
Dr. Klein. The bearing of his experiments upon the fatal illness of 
(r. T. is obvious. The man, like the aninials, was speedily attacked after 
eating the sausage^ his first symptoms being those of gastro- intestinal 
irritation, which after a time passed ofi*, only to be followe<l by a 
secondary illness, one condition of which was obviously pneumonia, 
a common result of renal mischief. 

It would appear from Dr. Klein's experiments that the poison was 
not equally difiused through the sausages, since some of the sausages 
were innocaous, and portions of the same sausages that produced 
illness in some aninials were eaten by other animals with impunity. 
This fact lessens the significance of the negative results obtained by 
iecding and inoculating animals with die matters prepared chemically 
i'vom a portion of one of the sausages by Dr. Dupre. 

To such persons as have read my reports to the Board on the series 
oi cases of diarrhoeal disease which occurred last year at Welbeck, and 
liis year at Nottingham,* the record of this case will be spticially 
interesting. While in all three instances gastro-intestinal symptoms 
'f a severe oharacter were at the first the predominant phenomena, the 
>oints of contrast in respect of an incubation period in tlie Welbeck 
,nd Nottingham cases, and of sudden speedy illness in this qxxsq^ and in 
f.spect of the post-mortem appearances, are too marked to escape 
K>tice. The present case is perfectly distinct from the othei*s in its 
>athology. The Welbeck and Nottingham cases were illnesnes produced 
.y the growth and development in the system of a living tiling. The 
iiiess in this case was a true poisoning by some organic chemical poison. 

* See page 36 of the Medical Officer's Beport for 1880 (First Supplement to the 
\'Bth Annual Report of the Local GoTemment Board). 
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APP.A.No.10. 

On an epidemic 
(tf Scarlatina 
in Halifez : by 
Dr. Ballard. 



No. 10. 
On an Epidemic of Scablatina in Halifax ; by Dr. Ballabd. 

Thb occasion of this inquiry was a memorial signed by seTeral of tk 
medical practitioners and a large number of other inhabitantfi of Hallfu 
requesting an inquiry into the circumstances of numerous cases of scir- 
latina which had been reported in the town. Letters from medieal nei 
and from persons whose £Ekmiliea had been invaded by the disease b>i 
also been received by the Board. Prior to the inquiry a special report 
upon the cause of the outbreak had been made to the Sanitary AnthoritT 
by Mr. Ainley, the Medical Officer of Health, in which report he bi^ 
attributed the outbreak to the distribution of milk from a farm outside 
the borough by a milkman who had at the time scarlatina in his fuoily 
at home. Mr. Aiuley said in his report, " This, beyond all quesdoKi 
was the cause of the outbreak.'* To this opinion exception was taken 

The inquiry was necessarily a protracted one, and I have t^-. 
acknowledge the great and loyal assistance I received from all ^i 
officers of the Authority, and especially from the Medical Officer oC 
Health, the borough surveyor, and the inspector of nuisances, througboul 
the investigation. Nearly half the number of the medical men practUin jj 
in Halifax furnished me, at my request^ with lists of the cases of sc&rb'j 
tina and scarlatinal sore throat that had occurred under their observaticl 
between November 1, 1880, and February 17, 1881. 

The total number of cases in these lists amounted to 510, occiirnogi!l| 
281 separate families; but the entire number of cases that had oocnm<i 
and families invaded between these dates would probably hare b«< 
found very much larger, perhaps twice as large, had all the medical Dfci 
furnished me with lists, and had it been possible to include all the as^ 
attended by irregular practitioners or unattended during illness. Tb; 
epidemic was fading away when the inquiry commenced. One d€i>'^ 
from the disease occurred in November, 6 in December, 52 in Janaan< 
and 28 up to February 25. 

The following tables show the distribution in weeks of the cast^ 
reported to me by the medical men who sent in lists and of the abov^ 
mentioned deaths. The cases and deaths are also distributed among tl*^ 
wards into which, for municipal purposes, the borough is divided .'— 
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Tablx 1. 

CaBBS of SCABLATIXA and SCARLATIKAL SORB ThBOAT. 
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Table 2. 





Deaths from Sgaklatina. 
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On an ^idcmic 
of Scarlatinft 
inHiklifkuctby 
Br.BaUanL 



APP.!A.No.io. 1. It is obvious from these tables, whether regard be had to the 

distribution of the reported cases of scarlatinal illness or of the deaths 
from scarlatina, that the epidemic was chiefly incident upon two 
adjoining wards, namely West and South wards, and especiallj upon the 
latter, although it did not spare altogether other and more distani parts 
of the borongh. It also spread to families residing outside the borough. 

2, It is further obvious that although cases of the disease had b^u 
under medical observation in the borough during the months of 
November and December, a remarkable extension of the disease, appa* 
rently indicating the operation of some special influence, to<^ j^aoe in 
the last week of 1880 and the first week of 1881, and that this specul 
influence was exerted chiefly in South and West wards. 

The chief object of the investigation therefore was to discover the 
nature of this special influence, and as nearly as practicable the precise 
extent of its operation, holding in view the operation of o^her oidiiurj 
causes of epidemic spread. That, in a very large degree, the disease 
did spread by the ordinary methods in which infectious diseases spread, 
such, for instance, as personal and family communication and yisitingt 
became perfectly dear from the inquiries which were made. 

I may add that, so /ar as I have been able to ascertain by inquiij, the 
epidemic aflected families of all classes and - ranks in life. Out of the 
281 families embraced in the lists forwarded me by the medical men, 106 
were families of gentry and the upper class of tradesmen, the renuuning 
175 being families of small shopkeepers, artizans, mill-hands, labourers. 
&c. 

The following table, constructed from data furnished me by the 
Medical Officer of Health, shows the mortality from scarlatina ia tb*; 
borough and its several wards during six years, 1875 to 1880 indnsive. 
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From which it appears — 

1. That during these years (least in the year 1876) scarlatina hAi 

been fatally prevaJent in the borough year by year, and in some 
years, notably in 1877 and 1879, exceedingly prevalent and 
fatal. 

2. That taking all the six years as one period, the mortality from the 
lu» been, compared with the population (1871) of th^ 



63 

sereral wards, greatest in Ovenden, South and Northowram App. a. No. lo. 
iieards, next greatest in iNortb, Soathowram (containing the on an epid^uc 
bOTongh hospital), Skircoat, and West wards, and that it has ;>^ ^^[J^i'i'^ 
been least in X)entral, Market, and East wards. Dr. Baiurd*. 

3. That the chief incidence of the mortality has fallen upon different 
wards in different jears or different epidemic periods, South and 
West wards having bj no means been the wards upon which it 
has habitnallj &llen. JSo doubt accidental circumstances, which 
cannot now be ascertained, have, in these different periods, deter- 
mined the localitj of principal incidence. This fact gives point 
to the question, whjr, m the epidemic now under consideration, 
South and West wards were those in which the disease chiefly 
spread? Has there been any special circumstance capable of 
accounting for its extension in these wards in preference to other 
wards ? 
The reply given to these questions by the Medical Officer of Health 
is involved in his opinion as to *^ the cause of the outbreak/' iSome of 
the medical men who signed the memorial, and with whom I conversed 
i)[H:>n the subject, while repudiating the inference of the Medical Officer 
•>i' Health on the ground tliat the disease was present in the borough 
])rior to the appearance of scarlatina in the milk carriei-'s family, were, 
I gather, disposed to attribute the epidemic extension in South and 
West wards rather to &ults of administration on the part of the 
Sanitary Authority, and mainly to imperfect and improper arraoge- 
ments of drainage and sewering. It was asserted that these are the 
wards which have suffered most on each occasion of epidemic extension 
ot scarlet fever, and that these are among the localities where most of 
Oie new houses have been erected ostensibly under the supervision of 
:be Sanitary Authority. Now, no doubt there have been faults, and 
serious faults, in the sanitary administration of the borough, and 
r>pecially as regards the dealing with outbreaks of scarlatina. And it 
is not the less a fact that there has been a disposition shown to withhold 
from the Medical Officer of Health information such as the medical men 
in the town could have furnished as to the occurrence of cases of 
infectious disease within the borough. But even where the occurrence 
of ca.ses has been known, and even where deaths from the disease have 
l>r'en reported, but little action has been taken to arrest the spreaa of 
I he disease* Thus — 1. There is an infectious disease hospital provided 
ior the use of the inhabitants of the borough, but it has not been put 
to the use that it might have been or that it ought to have been put to. 
During the whole three months of December, January and February, 
only 20 cases of scarlatina were admitted into the isolation hospital, of 
which eight were domestic servants from invaded houses, one a dentist, 
one a scripture reader^ and two scholars from outside the borough ; and, 
-o far as I could learn, no serious endeavours were made to induce 
l)4'ople to use the hospital for the isolation of such cases as could not be 
juoperly isolated at home. 2. Disinfection of infected houses and 
things has been greatly and habitually neglected* Out of the vast 
number of infected houses in the borough during the late epidemic, 
only 30 (and those houses of well-to-do families who have asked for 
lisinfection to be performed) have been subjected, so far as the Medical 
(M&cer of Health knows, to any process of disinfection. In these 
instances the process was performed or superintended by a sub-inspector 
of nuisances, with whose opinion as to the efficiency of the process the 
Medical Officer of Health and all concerned appear to have been 
satisfied. In other instances of disease or death, it has been considered 
sufiicient to give some kind of ^ disinfecting powder " to applicants for 
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AFP. A. No. 10. it. The Medical Officer of Health, even when he has known caaes of 
diseaso or death, has never certified to his A^uthoritj under section 120 
of the Public Health Act, and hence the Authority have not had given 
them the opportunity of serving necessaiy notices for the disinfection of 
infected houses and things : nor have the Sanitary Authority made any 
public provision under section 122 for the disinfection of infected 
things. 8. No care or attention has ever been given under section 12o 
to prevent the improper disposal of infected articles of clothing, ftc 
even where the person who had used them was known to have died, 
and notwithstanding that it is notorious that such things are oflea 
either stowed away in drawers, &c., for future use by some other 
member of a family, or given away or sold; and that in either case the 
disease is likely to be freshly lit up in a population or to be extendel 
by these means. 4. No attention has ever been directed to infected 
houses or rooms under section 128 with a view to preventing their 
being re-let before they have been efficiently disinfected. With all this 
inattention and neglect it can be no matter for surprise that from time 
to time scarlatina springs up and spreads epidemically in the boroogh. 

Looking at the above facts, and taking into consideration aIso tb^ 
usual modes by which scarlatina is spread by personal communication, bj 
infected things and infected food, it is not easy to comprehend the reason 
why bad conditions of drainage should have been particularly insisted 
on as the cause of the frequent spread of scarlatina in Halifax. It is 
no doubt quite true that accumulations of infected filth are sometimes 
agents for the extension of the disease, and it is not improbable that it 
may ,be spread by means of sewer air : but, — First, I learn from the 
borough surveyor that of late years a great deal of improvement hsB 
been effected in the borough with reference to these matters. The ash- 
pit privies formerly in common and habitual use have been laigelj 
abolished, pails for separate houses, emptied systematically by the 
Authority, or else waterdosets having been substituted ; 5,100 bouses 
are now provided with pails and 3,300 with waterclosets. The sewers in 
the newer parts of the town (built since 1873) have been provided with 
ventilators at distances of about 100 yards apart, although the sewer 
ventilation in the older parts is still insufficient ; the gradients of thr 
sewers are mostly good, and the flatter sewers are periodically flushed ; 
all houses within the distance prescribed by statute are now drained 
into the sewers, and since 1873 all house connexions with the sewen 
have been inspected before being covered in. Since 1872 also no 
combined drainage under dwellings has been permitted. So that it is 
clear that of late years a great deal has been done by the Authority to 
abolish these sources of danger. Waterclosets are not, indeed, 
habitually ventilated as they should be, and there are other modes, such 
as sink pipes not disconnected, by which sewer or drain air may gain 
access to the interior of houses. Secondly, it is precisely in those parts 
of the town which are the oldest and in which the sewers are constructed 
on the least approved principles, where they are least periectlj 
ventilated, and where the house drains and connexions may be believed 
to be least satisfactory, namely, in East, Central, and Market wands, 
that during the last few years scarlatina has numbered the fewest 
victims. There are veiy few ash-pit privies left in South and West 
wards where the late epidemic hais been chiefly prevalent. I find 
therefore no indications of the epidemic spread of scarlatina in Halifax 
being attributable to faults of sewers and drains. 

The Medical Officer of Health wrote perhaps too emphatically when 
he stated that the distribution of milk by a certain miUc carrier '*was, 
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** beyond all questiony the'caiiae of the oatbreak.'' He would have App.A«yo.io. 
i>oeD correct if he had stated that this circumstance .was an important on an epidemic 
element in the localization, and spread of an epidemic which had pro* 9^ ScariatinA 
viously commenced, and which was spreading, even in South ward, i?r?BaiSSd.V 
bei'ore the milk carrier's fiunily appears to have been invaded. The 
facts stated in his special report were sufficient to establish such a 
prima facie case as warranted the action taken to suppress the distribu- 
tion of milk by the particular carrier. Thej did not, indeed, completely 
demonstrate the connexion of the outburst with the milk supply, but 
tlie Medical Officer of Health would have been to blame had he waited 
foi -absolute demonstration before advising such action. 

The history of the milk supply in question is this : — 

A farmer whom we may designate as A. kept six cows in the country, 

two or three miles out of Halifax, and morning and evening supplied 

milk to private families, selling it to them in small retail quantities; he 

iiho BQpplied two gallons every evening to the canteen of the barracks, 

where it was sold in small quantities to the soldiera residing there. 

Hifi own cows not supplying milk enough for his trade he purchased 

milk from three other adjoining farms. The cows at A/s farm were 

7ni]ked by A., by A.'s son who resided with him, and since October last 

\>Y a man whom we will call B. In the mornings, A.'s son habitually 

delivered the milk to A.'s customers, calling first at the other farms to 

take up there more milk, which was always at once mixed with A/s 

luilk. In the evenings, A.'s son and B. both delivered milk. On 

DocemheT 25, B. delivered both the morning and evening milk, and 

'.•isii'm from January 1 to January 6, A.'8 son lacing at that time at 

Lome ill with sore throat, which tlie medical ,'practitioner in attendance 

believes not to have been of specific character. B., a very uncleanly 

f»erson, resided in a cottage situated a short distance from A.'s farm. 

His family consisted of his wife and six children; the eldest of the 

children, a girl who had had scarlatina some years ago in Leeds, was a 

hnlf -timer at a mill in Lnddenden. On December 31 one of the children 

i.red three years was taken ill with scarlatina, another aged eight years 

was similarly attacked on January 1 or 2, another aged six years on 

T a unary 4, another child on January 5, and a fifth child aged one year 

:)ii January 14. There was but one bedroom in the cottage, and in this 

com all the family, with B. and his wife, slept at night. During my 

nqniry I visited this cottage. I found it very dirty, and the bedroom so 

;;'t nsive that I was glad to get out of it as speedily as possible. The 

liildren had all recovered, but nothing whatever had been done to 

h^anse or disinfect the house and its contents, and no notice to that 

iVt.'ct had been served by the Urban Sanitary Authority of Warley, in 

/hich district the cottage is situated. There was but one blanket for 

he use of the whole family, the other coverings used at night being a 

iindle of filthy rags, which I saw upon the floor of the bedroom, and the 

iv clothing. It cannot be doubted that during the night, while the 

iildren were ill, there was a general indiscriminate u^e of these things 

y tlie family. Yet from such a bedroom and infected house B. went, 

1 December 31 and on subsequent days, to milk A.'s cows, and to carry 

It milk and distribute it to A.'s customers. Holding in memory the 

^.^ona furnished by former experience of the readiness with which milk 

ceiveB and conveys the contagium of scarlatina, it would have indeed 

en mArvellous if the customers to whom B. delivered milk in his 

unds, dipping it in small retail quantities out of the can, had escaped 

tV^ction. This was the primd facie case so far as B. was concerned. I 

ve no^ to show that the customers did not escape. 
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App. jL No. 10. A., on m j application, furnished me with a list of the fiuniiies tlitt he 

Onsn^idemie ^'^^ ^PP^7^% ^^^ ™^^ ^ ^^^ beginning of this jear. He kept no 

'" * ' booksy his trade being for readj money, so that the list was nuuie oat 

from memory with the assistance of his son. Subsequent inquiry nude 

from house to house, however, showed that there were but few, and 

those scarcely avoidable errors in the list. 

Two uses were made of this list. 

1. Every house, with tlie exception of 10 (either situated out of tbe 
borough or not determinable), was visited, and inquiry was made, where 
the facts were not previously known, as to the occurrence of scarktiiii 
or sore throat in the family. 

The following was the result of the investigation :^- 

Honieholdfl 
invadad 

63 

f Households vithout children 

29 

AJl the chUdren had bad 
Bcsrlatiiut on former occa- 

SiODS. 

15 

Most of OiB ohildnn had had 
soarUtina prerionalj 



Total 
honse- 

holds 
rapplied 

by A. 

136 



Households 
e6oa[)ed 
invasion 

78 



Households believed to be i^ 
susceptible, three feoHitun 
at least being mSk to bi«( 
escaped scarlauna. 

None of the children bad had * ^"^^^^ '^•°^> 

scarlatina previously J Milk always boiled before « 
14 I J 

MUk given up at bo^iin^ * 

Sear on aoooontoffllthjon- 
ition of carrier 



Children in households 
ascertained. 

7 



not 



Facts as to 
invasion not 
ascertained. 

10 

Of the ahove 58 household invasions^ 

1 occurred in November (sore throat). 



15» 

5 
6 
S 
7 
2 
1 
8 
2 
1 



V 



9f 
if 

99 



between December 16 and December 30 (9 scarlatiAt 

and 6 sore throats), 
on December 31 (4 scarlatina and 1 sore throat)* 
jf January 1 (3 scarlatina and 3 sore throat). 

2 (all scarlatina). 

3 (6 scarlatina and 1 sore throat). 

5 (both sore throats). 

6 (scarlatina). 

7 (6 scarlatina and 2 sore throat). 

8 (1 scarlatina and 1 sore throat). 
15 (scarlatina). 



9f 

if 



2 doubtful dates (1 scarlatina and 1 sore throat). 
Total 53 viz. : 35 scarlatina and 18 sore throat. 



* Of these 15 families, 5 were invaded on 29 and SO December. 
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Among tlie 9§ hmmhoLdB in wMditlie iwular Bcarlstina eniptioiiin0 APP.A.ifo.10. 
recognised in one or mow memben of the manly ^ sore throats oocnrred ^. trtLmi 
in other membeis of the fiKnlly in 9 instances. SjwSt^^ 

Of the 72 hooseholda known not to haye been invaded up to l>r*Bd]ud. 
Febniarj 18 (wh^i the house to house inquiry was instituted), a con- 
siderable number, \iz^ 51, or 70 per cent., were more or less unlikelj to 
suffer an invasioii, either because there were no chOdnsn, or because the 
famiJj had been invaded on former occasions; and of 14 other families 
the children in them were more or less protected in at least three 
iustaoces. 

It is dear, at anj rate, that of those households which were on the 
milkman's list of customers, aQ overwhelming proportion of those un* 
(juestionablj susceptible of invasion were invaded bj the disease in one 
ibnn or the other ; all but one out of 51 households, whose date of invasion 
was known, manifesting the disease on or after December 15, and all 
but 11 oot of the 51 on or after December 29. The large majority of 
the honsehoJd invasions, 89 out of 51, occurred during the 11 days 
between December 29 and January 8 inclusive, t.^., from about two days 
before scarlatina was recognised as scarlatina in B/s family, to the third 
y\sj after, January 5, which day was the last day on which B. was per- 
mitted to milk A.'s cows, or to carry out milk to A.'s customers. After 
•Jnauary 8 only one household is known to have been invaded among 
A.'s customers, and that invasion occurred on January 15. 

2. Thirteen streets in the borough were selected, in which streets it 

was known that some fiunilies were supplied with milk by A., while 

others were supplied by other milk-sellers ; every house was visited, and 

inquiry as to scarlatinal illness having occurred in them was made. Ll 

these 13 streets there were 270 families altogether, of which 82 were 

<;ustomer8 of A., and 188 customers of other milk-sellers. Of the 82 

fninilies supplied by A^ 45 were found to have been invaded, while of 

the 188 supplied by other milkmen, only 14 were found to have been 

ii traded up to the time of the inquiry being made. The dates of invasion 

i'f iheae two classes of families are important. Of the 45 £Eunilies sup- 

])Iied by A. in these streets, all had been invaded prior to January 9 (39 

of them between December 29 and January 8), whereas of the 14 families 

supplied by other milkmen, only three had been invaded prior to 

.January 9 (viz., on January 1, 7, and 8), the 1 1 other families having 

l>een invaded between January 9 and January 30. In each of four of 

the 13 streets A. had only one customer, while the customers of other 

Tiiilkmea numbered 64 ; each of the four families supplied by A. was 

invaded, one in Christmas week, and three on January 6, 7, and 8 

r e'^pectively ; while of the 64 other families only two were invaded, and 

[ hese invaaions were as late as January 24 and 30. In this branch ot 

he inquiry ^ of the family invasions of A.'s customers were accounted 

'or, so that it did not appear necessary to spend time in prosecuting it 

>eyond the 13 streets. 

It appears then to be clear from these two branches of inquiry that 
he spread of scarlatinal disease in Halifax was, during the last days of 
Jccemher and the first week of January, partly dependent upon the dis- 
rlbntion of milk by B. to A.'s customers, and that the epidemic had 
teen distinctly promoted by this means. The milker and carrier B. had, 
n December 31, fully developed scarlatina in bis family, and his house- 
old arrangements were such as could not fail to attach contagious 
iiiterial to his person and clothing ; a large proportion of the families 



. ■ 



68 



APP.A.NO. 10. 

On an epidemic 
of Scarlatiiia 
in HalifftZ ; by 
Dr. Ballard. 



to which he distributed milk were invaded bj the disease at and imme' 
diately after this time, up to three days subaeqaent to his ceasing to tct 
as the milk-carrier. With one exception, no family among A.'» 
customers was attacked after the third daj from such cessatioa, tbit 
is to saj, after a reasonable period from his last distribution of milk h»l 
been allowed for the incubation of the disease. Lastlj, in streets sap- 
plied by A., and also by other milkmen, the families of A*b customef^ 
had been attacked in vastly larger proportions than those who obUineii 
their milk from other milkmen, and also at an earlier date. Lookiiig 
further at the fact that A.'s customers were most numerous in Sooth aol 
West wards, the inference is scarcely avoidable that the particular milk 
supply furnished by A. operated to an important degree to prodace tb? 
special incidence and spr^sul of the disease in tha<»e wards. £ach hoa^^ 
of the 53 infected through the agency of the milk became a fresh focus 
of contagion. Some of the cases on A.'s list of customers (even of the 
family invasions between December 29 and January 8) may indeed, lik«! 
other cases not on his list, have acquired the disease through other 
channels than the milk supply. The fact that a number of &milies 
supplied by this milkman escaped attack has been partly accounted for. 
and the amount of infective matter in the several portions of milk d\^ 
tributed must be believed to have varied to a degree quite safficient to 
account for other escapes.* 

At what precise date B. became personally .an agent for the conm* 
ance of the contagious principle is not determinable. It may well hsvc 
been a day or two before the fuU development on December 31 of the 
disease in his child ; and there is a further probability of his harui^ 
himself become infective from the same source (whatever it was) as tbt 
from which the child derived the disease. The man B., or his eldest 
daughter who worked at a mill at Luddenden, in which village there 
were cases of scarlatina in November, may have introduced it into bi? 
household prior to December 31 ; and scarlatina had been for a long timo 
existent in and about Halifax prior to the particular epidemic ezteasioc 
under consideration. It is impossible, however, to affirm that the familj 
invasions which occurred among A/s customers prior to December 29 were 
due to their milk supply. 

But after making every possible admission as to the influence of tbe 
milk supply distributed by B., the large minority of the household isTS- 
sions that occurred during this epidemic must be attributed to tbf 
customary methods of communication of this highly infectious disease. 
That such ordinary modes of spread were operative has been demon- 
strated to me by numerous individual instances in which persons firft 
attacked in a family had been shortly before in direct or mediate comma' 
nication with others ill with the disease. In such a case as this, it wool'l 
be impracticable to trace out all the channels, some of them tortuons and 
obscure, by which the contagion may have travelled from the sick to the 
healthy ; nor, with our knowledge of the fact that such channels are very 
numerous as well as obscure, is it necessary to do so. They are known 
to exist in abundance, although they may not be always easy ot 
identificatiou. 

It is matter for regret that the occurrence of Ave deaths in Decemb^'i' 
was not made the occasion for an attempt at discovering the extent^" 
prevalence of the disease ; the circumstance was not regarded as having 
anything special in it to command attention. And even on the rapid 
development of the epidemic in the first week of the new year, the 
statutory means of arresting the epidemic were but verj imperfectly cm- 
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ployed. The distribution of milk by the infected carrier was indeed A»r.A«Naio. 

properly arrested, advice as to the closure of schools (already closed for q„ „ ^^idemic 

the holidays) and of public libraries, and as to the postponement of pf8»riAiiiiA 

parties, &e. was given and generally adopted, excrement pails were more ilr jSaJiiHr^^ 

frequently removed from infected localities^ and sewers were flushed ; 

but there the action of the Sanitary Authority stopped. The measures 

specially /cakuUited to arrest the spread of scarlatina, namely, isolation of 

the flicky and disinfection of infected honses^ rooms, and thingSi were 

hadly a^l ad op ted bythem. 

• • • • • 

my 1881. 



K SI 99. 
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o?^SSm?^ Extracts from a Repobt on the Pbevalence of Scablatiha in the 

DuBHAM Registbation District ; by Mr. John Sfsab. 

The district in question is situated in the centre of the coantj of 
Durham, covering the large area of 44,360 statute acres. It comprise? 
within its boundaries three sanitary districts — the city of Durham, and 
two districts under the jurisdiction respectively of the Durham Bund 
Sanitary Authority and the Brandon and Byshottles Local Board. The 
fii^t named — the city of Durham — possesses, on a somewhat limited ares 
of 880 acres, a population of 17,161 ; the latter have together a popula- 
tion of 46,850 ; 10,8*50 in the Brandon and Byshottles Urban District 
and the remainder in the rural district ; and this population is almcist 
entirely aggregated in some 42 scattered mining villages, the namber 
of whose inhabitants ranges from 5,000 to between 100 or 200. 

Of these districts Mr. Spear says : — 



The Pbevalence op Scarlatina. 

The recent high mortality from Scarlatina is not an exceptiooal 
occurrence, nor has it been due to any special or exceptional cBns€. 
Statistics, and the testimony of medical practitioners, prove that the 
disease is constantly present in one or other of the colliery villages, and 
that at frequently recurring periods there is an epidemic outburst. 
This is not, moreover, peculiar to the Durham registration district, bi: 
is a condition that obtains in all, or nearly all, the mining districts h 
the county of Durham. It constitutes a study therefore thai shouli 
carry one l)eyond the immediate subject of this report. I will, however, 
record the main facts of this latest outbreak. 

During 1877, scarlatina had been very prevalent in the registratiira 
district, and had caused 81 deaths. In 1878 its prevalence dimiDij$iie(i« 
yet still 65 deaths, equal to a rate of 1 • 1 per 1,000 of the populaticc, 
were recorded. Fatal cases during this year had occurred in U^ 
different districts or townships of the Union, and the Brandon distrlii 
with a mortality of 31, had suffered severely. In 1879 the number of 
fatal cases increased to 101. In the city there were seven deaths i^^ 
the Brandon U.S.D., 22 ; and fatal attacks were recorded in 12 of tk 
21 townships of the rural sanitary district; and of these Willingtori 
and Tudhoe, the one with a mortality 'of 42, and the other of !•>• 
suffered the most severely. During 1880 no less than 188 deaths fro!i: 
scarlatina were registered. The disease had now become epidemic ; tb> 
number of fatal cases in the city rose to 47 ; in the Brandon distri' i 
to 29 ; and there were only four sparsely populated townships of lb- 
rural district in which fatal cases were not recorded ; Sherburne, witl 
28 deaths amongst a population of about 2,500, being specially notici" 
able for the high fatality of the disease. The scarlatinal death-rat^ «'f 
the district during these two years (1879, 1880) was equal respecHT»!j 
to 1'7 and 3 '0 per 1,000 of the population; and the progress of tb 
epidemic in the three sanitary districts of the union, and in the sev<*ril 
months of the two years, may be traced by the fatal cases recorded *» 
foUowa : 
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The Medical Officer of Health of the rural district reported from 
time to time that the disease was being conveyed from house to house 
nnd from village to village by unrestrained personal intercourse, and 
I his it seems was so. There was considerable evidence that day schools 
Were in a measure accountable for this diffusion of the disease ; and 
although the aid of the managers was asked to prevent the att^^ndaiice 
at school of children from infected houses, yet the means taken to 
comply with this request were not always sufficient. The visiting of 
nei-^hbours at infected houses was freely indulged in ; and I found 
•treral instances where fever cases had been treated in rooms coramuni- 
ating with small shopp, which Etill remained places of public renort. 
(n short, although, judging from the ascertained ya/a/i<y of the disease 
n different localities and in the practices of different medical men, there 
^iiLst have been over 3,000 cases of scarlet fever during these two years 
[i the Durham registration district, and although very many of these 
ii-ifS were in poor and crowded houses where proper accommodation 
hr fever patients was not to be obtained, yet notliing was done that is 
rortiiy of record, by any of the Authorities concerned, towards limiting 
he spread of the disease. 

The circumstances of the epidemic, the previous existence of numerous 
r»<>nidic cases, and then opportunities for the spread of the disease 
iron;>^h every known channel} were not such as to ofi'or favourable 
•f-asions for the more exact atudy of its rise and progress ; yet in the 
•:irse of the investigation certain miuor points in the etiology of the 
-t-abc came under notice, and these are perhaps deserving of mention. 

r>ut of a very large total of cases, the circumstances of 451 attacks 
( arriiig in 176 difl'erent families, most of them during the yoar 1880, 
•re carefully investigated. The disease was almost entirely amongst 
.idren ; the following Table expresses this feature of the ej)i(iemic : — 



All ages. 



Unflcr 
1 year. 



Betww^n 1 and 
15 years. 
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Ot taking the fatal attacks, 1879-80, a like result appears : — 
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Ap». a. No. 11. 

On a Prevalence 
of Scarlatina 
in Durham 
Be^fltration 
District ; by 
Mr. J. Spear. 



The comparatiye immunity of infantB under one year of age, which these 
figures show, is notioeable. I find that in the 176 infected families tber* 
were 31 infants under one ^ear of age who were exposed as much aa tU 
older children to risks of infection, but while it was exceptional for tb? 
latter, if unprotected by a previous attack, to escape, of these 31 infant* 
only four were known to be affected ; three others it must be said died y 
the time of " conyulsions," but even if these deaths were due to ih 
infection of scarlatina, yet comparative immunity from attack in the ca^r 
of infants, at least from attack sufficiently developed to be reoogmsabk. 
would still be markedly shown. The women of the Durham ooUierj 
villages, who certainly have abundant opportunitv of forming an opinion. 
sav that " suckling infants rarely take the fever.^' The possibility abort 
idfuded to that infants exposed to infection may more often than appev^ 
be influenced by the scarlatinal poison, renders it hazardous to draw coa- 
elusions from apparent insusceptibility exhibited in after life. Yettk 
evidence seems to point to adults as really possessing a certain immimiu, 
apart from that accorded by previous infection. Thus amongst 4& per&osi? 
aoove the age of 18, who were very positive of not having snfereJ 
previously from the disease, and who were living in infected rooms, the^ 
were only seven distinct attacks ; 11, however, suffered ftoai slight wa 
throat and malaise during some period of their exposure, a fact agaii 
suggestive of relative immunity in their case, for rudimentary or abortivr 
attacks in children are far less common. Several of tiiese partial]; 
developed cases, however, occurred after much exposure to infection t 
persons who had previously suffered from the disease ; and in two iDstacoet 
rudimentary attacks appeared to start fresh family outbreaks ; thus affordic: 
additional reason for assuming their origin in, and capability of transmisaic!] 
of, the specific contagion. 

In all but 46 of the 176 infected families the attacks were multiple; asi 
in almost all cases there was a distinct interval between the fint &s: 
second attacks in a family, a circumstance itself going to show that xU 
disease was spreading mainly by personal intercourse, and not bj any 
common influence of food suppler or the like. The interval in 52 casee. u 
which reliable information on this head was obtained, was as follows: Tf 
or more attacks occurred simultaneously in one fbmily in only three cues. 
in four, the interval between the first and second was 24 hours ; m fi^t^. 
two days ; in 12, from two to seven days ; in 13, fi*om 7 to 10 ; in 10, fro:: 
10 days to a fortnight ; and in six a longer period. 

The iype of the epidemic, judged of by the rate of mortality alone, wv 
not a severe one, for the proportion of fatal attacks was about 9 per o?^. 
of the whole ; but the moderateness of the mortality seems rather to ha^^^ 
been due to the comparative absence of fatal sequels, for in respect of ^' 
original infective process, the facts would rather suggest exception 
severity. Thus, the duration of the illness is recorded in 207 of the > 
fatal cases ; in 57 of these the fatal termination occurred on or before tb- 
third day, in 106 within a week, in 45 in from one to two weeks, in 26 * 
from two to three weeks, and in 30 cases afber a longer time. Again, ii 
75 of the 295 cases (these all rapidly fatal) the deaths are recorded as froc 
Tnaligriaait scarlatina, or from scarlatina with one or other of the cerebri 
symptoms that indicate at this early stage deep infection ; in 49 cases il^ 
disease is spoken of as " scarlatina anginosa," ana in eight cases as scarlatit^ 
with diphtneria. On the other hand in only 18 of the 295 cases is dny.' 
mentioned as contributing to the fatal result. 

It is to be doubted, however, in spite of certain authoritative opinio!^ 
to the contrary, whether the type of an epidemic, as a whole, of scarlatiB& 
can often be properly spoken of. In this, as in most outbreaks, ' ' malignsDt 
cases, and cases of extreme mildness, were seen side by side; tlie or< 
apparently giving rise to the other. Certain localities, it is truCf suffers 
to an exceptional extent ; and it is very probable that the virulence of i- 
disease in such cases was in a measure determined by local sanitary o^ 
ditions. In a district, however, where such conditions are, as a roic. ^ 
generally unsatisfactory, it is too hazardous to draw comparisons for t&^ 
purpose of speaking definitely on this point. I will on ly say that t}:r 
disease was exceptionally prevalent and fatal, as also, shortly before, vi» 
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neii?les, afc High Sherburne in the B.S.D., where, amongst other grave App. A. No. u. 
t.'iit.iry defects, there is no proper water sapply conveniently accessible ; -^ pil~u 
t Littletown, in the Brandon U.S.D., where similar conditions! at the r.f swiatmn'*^ 
inie of the ontbreak largely prevailed; and alflo in certain filthy and in Durhnni 
rowded courte, as well as in some damp houses of modem construction, p^^i<T* hr 
1 the city of Durham. Tndhoe and Willington also, the largest and most Mr. J. Sfw. 
[ uloas villages in the B.S.D., both badly drained and badly adminis* 
r..'d, suffered from the excessive prevalence of both diseases (measles and 
tirlfltina). Apropos of the prevalence of measles, it may be mentioned 
at in the course of the inquiry suspicion arose that the prevalunce of 
arlatina might be in some way related to the pre-existing prevalence in 
If locality of measles ; and it seemed as if those who had recently passed 
iiongh an attack of the latter disease exhibited a higher susceptibility 
;in others not so circumstanced to the contagion of scarlatina. The 
r-^* rvation is not altogether new, for a somewhat similar one is recorded 
V Kostlin and Loschner in the course of their epidemiological studies at 
tuugart ; our information on the point is however a? yet too meagre to 
r.'kr a more than passing notice of it here permii<bible. 
I have had to refer to the general excessive prevalence of scarlatina in 
n< county of Durham, and since the subject is one deserving of careful 
jiK-idcration by the Sanitary Authorities and Medical Officers of Health, 
luay \)e permitted to make more specific allusion to it. For the last 
lirty years Durham has, in each quinquennial period, shown a scarlatinal 
^>rtality-rate higher than that oi any other county in the kingdom ; and 
ulst the average rate for England and Wales is 0*87, that for Durham 
•ynig the last thirty years is 1*4; and the rate is not diminishing. 
(iiost all the registration districts share in this excess, at least there are 
ly three exceptions. Darlington has an average rate for the period 
lined of 0'81 per 1,000; Teesdale an average rate of 0'73, and Weardale 
leof 0'8o; in all the others the mortality is sustained at an excessive 
tio, varying from 1*33 at Houghton-le-Spring to 162 at Bishop 
i':'kland. 

Tu some small extent, no doubt, this excess may be explained away by 
L larger proportion of children living in Durham as compared with the 
irage English county ; and to a further extent it may be accounted for 
a variety of unwholesome conditions, notably of lodgment, that mining 
hc^t.'S too often exhibit in fullest intensity ; and significance may be 
lutod to these two considerations as affording some reason why scarlatina 
c \ceptionally fatal in Durham, beyond the rate of fatality customary to 
} disease in other commtmities. But the fact of excessive prevalence 
d mortality is not in any wise to be ignored or made light of Ijecause it 
y in a measure be explained. It is certain that the ravages of the 
ase might, by enlightened measures of precaution, be confined within 
u h narrower limits, perhaps indeed altogether controlled ; and it l)e- 
vri the sanitary authorities to exercise to the utmost their powers in this 

.air. 

I he establishment of hospitals, and the careful and systematic enforce- 
nt of the various provisions of the Public Health Act in regard to the 
• iul of infection, are, I conceive, the first and most essential of tho 
( aiuionary measures needed. 

)ctober 1881. 
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App. a. No. 12. 

Oa an Outbreak 
of Enteric Fever 
at Blackburn; 
by Dr. Airy. 



Description of 
the district. 



GooloR'. 



Population. 



Dvrellinjrs. 
stroetfl, Ac. 



No. 12. 

On an Outbreak of Enteric Fever at Blackburn in Lakcasbiki; 

by Dr. Hubert Airt. 

From a report of the Me<lical Officer of Health for the b(m)iz?h oi 
Blackburn, dated April 1881, it appeared that typhoid or enteric u'ver 
had been unusually prevalent in the borough since the earlj part ot 
March, as many as 182 cases having been I'eported to the Sanitarj 
Authority in the six weeks from Mai'ch 6 to April 16, and 24 dealtin 
having been registered in the same period from that disease. 

The Board thereupon ordered inquiry to be made by one of their 
Medical Inspectors into the circumstances of the ontbreak. IV 
inquiry was made during the month of June 1881. 

A biief description of the district is necessary to make inlelligible rK 
account to be given of the epidemic. 

Blackburn, one of the most important seats of the cotton mano^tar^t 
in the north-eastern division of Lancashire^ lies in a valley vliici' 
receives a small stream, the Blakewater, from the north-east* Abv^; 
a piile to the south-west of the town this stream falls into the ri^f 
Darwen, a southern tributary of the Kibble. To the north-west of tt. 
town the ground rises steeply to a ridge called Bevidge, parallel to th- 
valley, 750 feet above mean sea level. To the south-east the town !? 
abutted on by a northern spur from a range of high ground betw^ 
Haslingden and Over Darwen, reaching a height of more than 1,000 f'-^^ 
above the sea. Part of this range makes the gathering ground of th* 
existing water supply of Blackburn. 

On the map of the Geological Survey it is seen that Blackbnm lies u 
the north-western boixler of the Lancashire coal-field, on ihe Gannlnt 
beds. Two or three small collieries are worked within a mile or tiro". 
the town. The rock is a sandstone, locally known as ** rag-rock," mc': 
fissured and allowing easy passage of water. It is largely quarried i •' 
building purposes. The ridge of Bevidge is composed of millstone gi-'- 
On this (northerly) side of the town the strata dip towards the south 
on the opposite side of the valley they are more nearlv horizontal. A' 
Belthorn, a village from 800 to 900 feet high, on the hill crest bt^tW'^i 
Blackburn and Haslingden, the dip of the sandstone strata is we^t'^l'* 
There is a good deal of stiff clay on the lower slopes of the hills. 

At the recent census (1881) the borough of Blackburn (which It- 
been extended in 1877 and again in 1879) was found to have a poprJ^- 
tion of a little over 104,000. In 1871 the population of the boroo-r'^ 
within narrower compass, was 82,926. It may be mentioned thiii ' 
1801 the inhabitants numbered 1 1,980, and in 1770 only 5,000. Tt 
borough now comprises the whole of the Blackburn registration '^o^" 
district, and parts of the Harwood, Darwen, and Witton 8ub-<listri» J 
The Sanitary Authority is the Town Council. They have appointoi 
separate committee for dealing with sanitary business. 

During the past 40 years Blackburn has had a code of bye-li'^- 
under which the building of new houses has been well regulated. Ti ■ 
consequence is that in the greater part of the town, more especially in t*' 
populous outskirts, the houses are on the whole of a good charart- ' 
built of red brick, two storied, with large sash windows to the bed^oc»nl^ 
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and, with the rarest exceptions, well provideil with eaves-troughiog, App.AJjro.12. 
find fall pipes to carry off the roof rain. The fall pipes lead direct into On an Outbreak 
tiie sewers, and serve iq some measure to ventilate them. at Black barn : 

The streets (except some of the oldest) are wide, and mostly pave<i ^y ^^' ^^' 
with ragstone setts. In several parts of the town the work of paving 
is activelj in progress, A good deal of house property of a poor 
dovcription has been purchased by the Corporation, and removed to 
miike way for new streets, or for the widening of old ones. In the 
general care of streets and houses, in (he public buildings, and in the 
admirable Corporation Park, which cannot but be regarded as a valuable 
aid to the health of the hard worked townspeople, there is ample 
e^ idence of public spiric in the town. 

The Corporation employ in sanitary work of various kiuds about 
irx) men and 70 horses, a large number of them being occupied in the 
n-ffular scavenging of the streets and removal of night-soil and emptying 
ot {ush-bins. In the summer the watering of the streets is properly 
attended to. A large market is held twice a week in the midtlle of the 
town, leaving a large quantity of vegetable refuse to be removed by the 
s<'uvengers. 

Of the night-soil arrangements I have to speak more particularly. BxcroTwent 

For some years past there has been going on a systematic course of ^i[,?rj^jj^ 4^,^ 

n I'lacing the old midden closets by tub-clo.sets and water-closets. At 

tint time of my inquiry there were 1,141 water-closets and 7,932 excreta 

tul>.s ; while 12,227 middens and cesspools still remain. In now houses, ' 

Diidden-privies are not allowed. The tubs used in the tub-closets are 

male by sawing 4)arafi&n tubs in two. They are accessible to the niglit- 

iium from the back alleys by small square door?, and are emptied once a 

NV(X'k in rotation by gangs of men going their appointed rounds every 

night. 

* « • « • 

Tlie discharges from the water-closets go into the sewers, with all 
\i(m<(i drainage and most of the surface water. Provision is made for 
H']i(?ving the main sewers of storm-water by means of lateral channels 
leading/ into the river. The sewers are |)artially ventiLited by street 
L'ratings and rain pipes. They can be flushed from the street hydrants 
<>n the water mains. The outfall sewer dtdivers at Witton, in the 
wortern outskirts of the town, into a range of narrow settling tanks 
^iicrelime is added, and a considerable portion of the solid matter is 
deposited, stored under cover, and sold to farmers. The ellluent scnvago 
i^ eonveyed in earthenware pipes to two sewage ftu-nis (Higher Park and 
"^iiiilc^^bury) having a total of 684 acres, of which 530 are available for 
N 'wai^e irrigation. 



*• 



Previous to 1845, the water supply of Blackburn wfu? derived partly Water sup])iy. 
(hmi wells and partly from a spring on the north side of the town. In 
that year a private company obtained an Act for the construction of 
uarerworks, which they completed in 1848. These wore afterwards 
t niai-;Lretl to meet the wants of the fast growing population, and were 
Jio.Uly purchased by the Corporation in 1875, with powers for still 
tiuther extension. These powers, however, were abandoned in 1877 in 
hivour of an entirely new scheme of water supply which is now being 
■dir'ifHl out, but which cannot come into public use until next year. 

M«^anwhile the old waterworks sulliee, though sometimes barely 
-'ulitv-, to supply the town. They draw their resources from an exten- 
ive gathering ground to the south-east of the town ou the moors 
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^^^' fL?°* ^' between Haslingden and Over Darwen, 4 to 5 miles distant, on the mill- 
Oi^ anOutbrcak gtone grit and lower coal measures. The snrface is chiefly pasture bud, 
at Biackbtinu^^ some of it peaty, with a little wood. Eight or ten farmsteads lie scattered 
by Dr. Airy. upon it. Paius have been taken to protect the streamlets from pollu- 
tion, and a row of cottages that formerly stood close to a watercourse 
has been pulled down. Still the protecticm is not perfect. Ooziogs of 
farmyard surface drainage still find their way into the water channels. 
Little of the land is purposely manured. The surface and spring waters 
descend by two converging streanolets, and, at the point where these 
meet, are received in a reservoir or " lodge " known as the Piekup Bank 
lodge, formed by a dam built across the valley, 720 feet above the sea. 
On one of the contributory streamlets there is a smaller lodge, called 
Daisy Green, 965 feet above the sea. There are several cottages near 
the Pickup reservoir, but care is taken to divert their drainage so that 
it does not enter the reseiToir. From the Pickup lodge the water I* 
led in a rough stone culvert 3 feet in diameter, laid in clay, and carried 
along the western slopes of the Belthorn hill for a distance of two miles, 
and delivered into a storage reservoir, 644 feet above the sea, at Guide, 
a little village two miles from Blackburn. This Guide reser\'oir has a 
capacity of 90,000,0(X) gallons. About the year 1869 a new and larger 
reservoir was constructed, contiguous to the Guide reservoir uid filled 
from the same conduit, but nearer to Blackburn and at a lower level bj 
40 feet ; this is known as the Fishmoor lodge, and has a capacity oi 
310,000,000 gallons. After the long drought in the summer of 1380 
*this reservoir contained only 60,000,000 gallons, and several acres of 
the bottom were exposed at the shallow upper side.* 

The western and bouth- western parts of the town, together with a 
strip running up in a north-easterly direction, are supplied from Fish- 
moor. A separate main is carried from Guide right through the town, 
supplying only a few blocks of houses in the southern, central, and 
northern quarters, and serving to replenish a well 200 feet deep on 
Bevidge, the hill to the north of the town, whence the water is pumped 
by an engine to a small covered reservoir at the top of Revidge hiU, 716 
feet above the sea, capable of holding 600,000 gallons. This supplier 
the northernmost part of the town. The eastern quarters are supplieii 
from a source which is usually totally distinct from those above-men- 
tioned, and is derived from a small colliery (" White Birk **) aboat a 
mile out of the town to the east. This water comes principally from 
some disused workings, and the bulk of it is unobjectionable, but a 
small quantity comes from the headings where the men are now at 
work, and this portion must necessarily be of doubtful purity. From 
the colliery the water is forced in 9-inch iron pipes up to a small reser- 
voir (" Audley ") on the northern slope of the Guide hill, about ten feet 
below the level of Fishmoor, and containing 12,000,000 gallons. There 
is a communicating pf^e, which can be opened or closed at will, between 
this Audley reservoir and the main from Guide, and in ordinary times 
the Audley water is frequently let into the Guide main, when it is 
desired to save the water in the Guide lodge ; for it is the policy of the 
waterworks manager always to keep a good head of tvater in Guide for 
fire extinction and other emergencies as well as for the supply of the 
higher dwellings on the north side of the town. Conrersely the Guide 
water can be admitted to replenish the Audley reservoir, if desired ; 
but this is very rarely the case. (Such an occasion did arise la^t 
Februaiy, as will be mentioned below.) 

* Appended to this report (page 90) is an analysis by Professor Fraaklfuui ol * 
Bample of water taken in June 1881 at the outlet of the culvert. 
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The water Is laid on to every hoase, nnder constant prei^siire, at a rate App. a^Xo. 12. 
of 8 per cent, per annum on the rateable value of the house. Lar^e on nn o^brv-iK 
quimtities are eonaamed for trade purposes at the breweries, cotton ^ Bi"l^'k»fu*' **^*^ 
mills, and other establiflhmenta ; but little remains in the summertime iiyDr.A.o. 
for watering the streets and flushing the sewers. 

Xow it is evident thai this water supply of Blackburn runs tho risk Bt«kr^ p^^nittioi 
of pollution at its several sources. There is risk at the frathorin^ ^^^^*''""'•^''*• 
^'r(>und above Pickup Bank ; there is risk at the White Birk Culliery of 
<oiu€ accident similar to that which befell the Caterham well ; and 
tiit;re is risk at the well on Revidge, for houses are pretty numerous 
round about, and the soil is a porous sandstone rock. Moreover, as 
iv^irds the water from Pickup Bank, there is rink at very many points 
along the route by which it is conveyed to the town. The stone culvert 
H^ove described is of rough construction, built of the ra^stone of the 
district in rude wedge-shaped lumps, fitted together without mortar or 
cement, but well bedded in thick puddle : and remembering that this 
culvert has lain for more than 30 years, only three or four feet deep, 
on the slope of the hill side, with a constant tendency to increase of 
ppHS-sure on the upper side, and lessening of pressure on the lower side, 
it can hardly be supposed that the structure is still sound throughout. 
Indeed on one or two occasions at different points the crown of the 
arch has &llen in, and probably at a hundred points it has yielded more 
or less, so as to admit a leakage of sub-surface water on the upper 
side. The Corporation have been sensible of the danger involved in 
this condition of things, and have, some time back, taken pains to 
prevent the surface water from lodging on the upi>er side of the mound 
which overlies the culvert, by cutting trenches and laying drain pipes 
to carry it away either under or over the culvert. An inspection made 
l:i^t autumn (1880) by the Health Officer (Dr. Stephensioii) and the 
f fj^pector of Nuisances (Mr. Prebble) revealed the presence of* dangerous 
iiuii?aQces in the shape of town manure on the pastures immediately 
above the line of the culvert. Freedom of manuring was expn«rtly 
reserved to the neighbouring owners, tenant**, or occupiers by the 
\\ aierworks Act of 1845. The only remedy the Coqwration can use 
is to refuse to sell manure to the farmers on these lands. Tiiey cannot 
prohibit the manuring of the land, and the farmers can get manure else- 
w/iere. Danger from manuring therefore still remains. There is also 
the sewage and ordure of Belthorn, the village on tlie crest of the hill, 
above the line of the culvert, to be taken into account. At the time of 
construction of the waterworks Belthorn had no sewer nor cesspool, 
but disposed of its slops and excreta close around the dwellings. Of 
ate years the house slops have been received in a roadside sower, 
lelivering into a watercourse which formerly was impounded in a little 
•ioilge" close above the culvert, and used to supplement the supply 
Vom Pickup Bank. Even to the time of my visit the conduit remained 
7>cn at this point, but the lodge had long before been emptied by a 
ti{>f carried under the culvert. Still it has occasionally hap|)ened tlmt 
iii< pipe has been choked with rubbish or with snow, and the water has 
a if- tilled the lodge before it has been possible to clear the pipe again. 
iie water bailifl^ however, declare that the water in the loilge under 
fiei*e circumstances never reached the open conduit. Again, there are 
lie or two other points where sewage from Belthorn has to pass over 
1 nntler the culvert, and where the accident of a defective joint might 
Ifiiit impure water to the latter. The drainage from one row of 
. »n:^ed goes into a cesspool on the hill slope. The cesspool sometimes 
verliows, and the liquid runs down a lane and enters a drain which 
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App. a. No. 12. passes under the culvert. Even in the last 20 yards of its conne before 
OnanOutbroak ^^ discharges into the Guide reservoir, the culvert is in manifest danger 
of Bntenc Fever of receiving soakage from the neighbourhood of a row of cottiges 
byi^AiJT** (Shorrock*8 Row) in the village of jGruide. (See plan annexed.) The 

slops from these cottages are thrown out partly in front into ^ road 
gutter, which carries them over the culvert, with no security against 
percolation except the bed of puddle In which the culvert is wrapped, 
and partly into a six-inch pipe drain at the back, which, at the lower 
end of the row, is carried under the last house and across the road to 
join a larger stone drain from a higher part of the village. At and 
from this point the stone drain is replaced by 12-inch eartheoware 
pipes, which have to be bent at the joints, to ride over the water-culvert. 
At my request the ground was opened and these drains were examined 
They appeared sound, as regards any leakage from thero, though at 
one bent joint over the crest of the culveii there was a gap of half an 
inch. 

In order that I might examine the inside of the culvert, the Borongb 
Engineer (]\Ir. W. B. Bryan) and the Waterworks Manager (Mr. Wilsoo^ 
courteously arranged to shut off the water at the Pickup lodge for lJ< 
hours. At the end of that time there was only about an inch of water 
running out at Guide, and it was possible to creep into the culvert witi 
a lighted candle. The rough construction of the work was very appa- 
rent, making progress difficult. At places the crown of the arch had 
evidently yielded considerably, large stones jutting down into the head- 
way. Some lay loose at the bottom, proving by the thick smooth 
incrustation of mud upon them that they had lain there a great length 
of time. At points coiTCsponding t^ the two road gutters at the bottom 
of Shorrock's Row there was evidence of inliltration of fluid leaving a 
ferruginous deposit on the stones on the upper side, but there was no 
perceptible odour other than earthy. At several other places similar 
signs were observed, and at a point 27 yards from the outlet water wis 
seen dripping in. I collected a small bottleful, which has been examined 
microscopically by Professor Frankland, who reports that it contains no 
moving organisms. On opening the ground at a coiTesponding point Id 
the pasture above, the men struck upon an old stone land drain, which 
was then traced some distance back and appeared to run obliquely acres 
the meadow from the upper side. Approaching the culvert it ran withio 
nine yards of the last of a row of privy pits which lay outside the bound- 
ing wall of the back yards of Shorrock*s Row, accessible from the meadow, 
for the convenience of the farmer who took the manure. The fernwr 
assured me that he spread this manure only on the land below the 
culvert, never above ; but there were signs of the overflow from the 
privy pits having been conducted on to the pasture above the colvert. 
The impression left upon my mind, though I could not positively prove 
the fact, was that there was a probability of soakage from these privy*piia 
and from the slop gutter in front of Shorrock's Row affecting the purity 
of the water in the culvert. I have dwelt somewhat at length on tht'!=e 
dangerous conditions along the line of the conduit because 1 shall have 
to show that the chief outbreak of enteric fever in Blackburn foilow<'«l 
close upon and possibly was caused by the occun*ence of enteiictVvir 
at Belthorn and Shorrock's Row. The water on leaving the ctilverl, 
just within the wall of the reservoir enclosure, runs in an open chann**' 
for 20 or 30 yards before discharging into the reservoir. An empty 
can or two lying in this channel phowed that it was exposed to casw*' 
additions; and I noticed just within the gate of the enclosure and imme- 
diately over the mouth of the culvert the remains of human ordure. 1" 
the side of the open channel is a gate-sluice which, when desired, can 



PLAN OF A PART OF THE BLACKBURN WATERWORKS. 




DANGEincLO LiTH 22 BcDrOwo S' CovcNT Oarocm 



79 

be set open so as to divert the stream, or part of it, into an open bye- ^'^' A^No. is. 
chanDel which runs down between the Guide embankment and the On »ii Outhn-ak 
public road and is finally turned into the lower (Fishmoor) reservoir. J{ BWkbuni V 
Id its coarse it receives the contents of a ditch, which when traced back ^j Dr. Air>'« 
Ls found to take origin at the back of some dwellings in the upper i)art 
of Guide village, whence it comes along a cartway trodden and befoulad 
bj cattle, past a farmyard, and through a field, exposed in its whole 
length to the risk of pollution. I beard tales abo of mischievous fellows 
throwing " nast " (filth) into the reservoirs themselves. The six foot 
enclosare wall is easily climbed. 

Partly because of the prospective insufficiency of the existing supply, Xewsrhcmoof 
and partly because of the risk of pollution to which it is exfK)sed, the «*"*"PI".»' 
Corporation, by an Act of 1877, have obtained power to carry out an 
entirely new scheme of water supply, at an estimated C(jst of ^SOjOOO/. 
Tliey resort to a wholly new gathering ground on the Brenimnd and 
Whitendale moors in Bowland Forest on the western bonier of York- 
shire, 22 miles north of Blackburn, and impound separately two streams 
known by those names, Brennand and Whitendale, tributaries of the 
Hodder. These moors are bare of habitations, and the water is pure 
and soft. It is to be brought in 30-inch cast-iron pip<»s over hill and 
(hile, twice crossing the river Hodder and once the Ribble, and iKitwcen 
them mounting the northern slopes of Longridge Hill and supplying 
Stonyhurst College, passing throu;;h the eastern outskirts of the town, 
carried up the hill to the south, and finally delivered into the existing 
Fishmoor reservoir. The relative levels allow of the water being thus 
delivered by gra\itation. This supply to the town is exi)ected to be 
superabundant, the amount deliverable being 6,000,(X)0 /rallons a day, 
and the Corporation hope to supply some neighbouring districts also. 
The work is actively in progress. lu the last 12 months the expen- 
diture has averaged over 10,000/. a month, and latterly it has Ix^n 

12,000/. a month. Completion is expected next summer, 18H2. 
« # ♦ • • 

By a Local Improvement Act dated 3rd July 1879, the Corporation ^'l}^^X^^^ '^^ 
have obtained certain powers in relation to public health beyontl what is disease, 
given by the Public Health Act of 1875. Among these are powers for 
roquiring the alteration of any privy, ashpit, tub-closet, cesspool, or 
other like accpmmodation of any house within the boroiij^h to such other 
system of privy, Ac. as they may approve ; powers for using patent 
rights as to dealing with sewage, excreta, &c. ; power to provider tempo- 
rary shelter or house accommo<lation for the member of a family in 
^vhich infectious disease has appeared; to provide feni.'ile nurses for 
attendance upon persons suffering from infecious disea'^e ; to order the 
temporary closing of schools or othep places of public resort situate in 
neighbourhoods threatene*! with or affected by inflections disease, and 
of shops, dairies, &c., where infectious disease has appeared ; and to 
restrain communication with infected hous<»s ; and lastly, powers for 
enforcing' the notification to the Sanitary Authonty of eases of infectious 
(lisii'ase.. For this purpose, under a penalty not exceeding 5/. the occupier 
of the house in which a case of infectious disease occurs, or, if a lotlger, 
the patient himself or the head of his family, is required, if no medical 
man is in attendance, to give notice to the Health Ofiicer or to the In- 
spector of Nuisances. If the patient is attended by a medical man, the 
duty of notification devofves upon the latter. Every practitioner in 
the town is supplied gratuitously with printed forms of certificate to bo 
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ASP. ▲.No. 18. used for the purpose. A fee of 28. 6d, is paid bj the CorporatioD for 
On an Oatbreak ^^^^7 such medical certiiicatey but not more than one fee in a month to 
of Bnterio Fever the same medical practitioner for certificates s^iven by him in respect of 

at Blackburn j ^i. ■*• • • ai_ i_ •! i» 

by Dr. Airy. the Same disease occurring m the same building. 

• • • « • 



Mortality. 



Enteric (ever. 



The statistics of births and deaths in Blackburn are such as migbt be 
expected in a crowded and fast growing manufacturing town, in which 
the senile population is comparatively small, and the child-bearing 
population comparatively large ; and where a large proportion of the 
young mothers are engaged all day in millwork which robs their infiuit* 
of maternal care. 

The returns relating to the Blackburn registration sub-district, which 
consists of the township of Blackburn, may be taken as fairly represent- 
ing the whole Jiiorough. (At the recent census the sub-district ooDtained 
91,956 persons, and the borough 104,000.) Taking the average for the 
11 years 1870-1880, it is seen that the birth-rate per 1,000 of the 
population has been 40*5 ; the death rate^ 27*8 ; the deaths under fire 
years, per cent, of the births, 20*5 ; the deaths at 60 and over, per cent 
of the total deaths, 1 5*7. The deaths from scarlet fever have been 1*5 
per 1,000 ; from diarrhoea, the same ; from fever (principally enteric 
fever^ 0*7 per 1,000 ; from whooping cough nearly as much ; from 
measles a little more ; from small-pox and diphtheria an average of two 
or three deaths a year each. From these seven principal zymotic 
diseases together the death toll has been 5*3 per 1,000 per annum. 

In the deaths from '' fever," with which this inquiry is more especisllj 
concerned, there has been on the whole a decrease during the 11 years 
1870-1880, the last half of that period having an average of 52 per 
annum compared with an average of 63 per annum in the frst half. 
Recently, however, there has been a marked rise in the fever mortality. 
In the fourth quarter of 1880 there were 19 deaths, and in the ftf^t 
and second quarters of 1881, 20 and 22 respectively. In connexion 
with these figures it is interesting to note the numbers of cases of enteric 
fever that have been reported to the Sanitary Authority .by the medical 
men. They are given in the following Table : — 



1880. 



January 

February 

March 

April 

May 

June 



14 
8 
6 

11 
5 
5 



July 


- 10 


August - 


• 6 


September 


- 20 


October - 


- 30 


November 


. 37 


December 


. 16 



January - 
February - 
March 



6 

14 

149 



1881. 



April - . 61 

May - . 28 

June (8 in first week.) 



Noting that the fever mortality has varied but little in the last three 
quarters, while the number of cases reported in the first quarter of this 
year wan greatly in excess of the previous quarter, we may infer that the 
type of the disease was less severe in the more recent period. 
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There was a decided rise, according to this list, in the autonm of ^"- ^^Q- ^* 
1880y bat it subsided in the winter. In March of the pfesent year OnanOotbrMk 
a phenominal outbreak occurred, which it will be worth while to trace ^ BilkSimra?^ 
more minutely. The numbers of cases reported daj by day (eadi of ivi>r. Any. 
which represented a new household invaded) were as follows :— Ooftbiwk in 



HuehiWL 



1881. 



Jan. 




JPeb. 




Maf€h 




April 




Hay 






Joae 




1 - 


..- 


1 - 


— 


1 - 


8 


1 - 


2 


1 


• 


.m^ 


1 • 


•• 


2 - 


_ 


2 - 


... 


2 - 


<— 


9 - 


2 


9 


. 


1 


2 • 


1 


3 . 


— 


8 


— » 


8 - 


~. 


8 - 


1 


8 


. 


... 


8 


3 


4 . 


— 


4 


^m. 


4 - 


.. 


4 - 


6 


4 


• 


9 


^ 


«p- 


5 - 


_ 


5 - 


1 


5 - 


.1-. 


6 - 


2 


5 


. 


2 


5 « 


..* 


' 6 - 


... 


6 - 


_ 


6 - 


.... 


6 • 


4 


6 


• 


2 


6 • 


8 


7 - 


.— 


7 - 


.. 


7 . 


4 


7 . 


— 


7 


• 


3 


7 - 


1 


8 - 


^m 


8 - 


2 


8 - 


1 


8 - 


.—. 


8 


• 


1 






9 - 


— . 


9 - 


1 


9 - 


2 


9 - 


5 


9 


. 


1 






10 . 


-.. 


10 . 


1 


10 - 


7 


10 - 


1 


10 


• 


1 






11 - 


..i.. 


11 . 


8 


11 • 


8 


11 . 


6 


11 


• 


... 






12 - 


—~ 


12 - 


— 


12 - 


11 


12 . 


9 


12 


• 


m^ 






13 - 


— 


18 . 


1 


18 - 


2 


18 - 


4 


18 


• 


1 






14 - 


'— 


14 - 


... 


14 - 


... 


14 - 


-.. 


14 


. 


._ 






15 . 


_- 


15 - 


1 


15 - 


8 


15 . 


-^ 


15 


. 


.. 






16 - 


«.. 


16 . 


1 


16 . 


16 


16 - 


4 


16 


• 


^^ 






17 - 


— 


17 - 


— . 


17 - 


11 


17 . 


-* 


17 


• 


4 






18 • 


— 


18 - 


— 


18 • 


7 


18 . 


1 


18 


- 


... 






19 - 


1 


19 - 


—. 


19 - 


12 


19 - 


4 


19 


. 


«... 






20 - 


«. 


20 . 


... 


20 - 


7 


20 - 


2 


20 


• 


1 






21 - 


_ 


21 - 


— . 


21 - 


11 


21 - 


1 


21 


• 


.. 






29 . 


.— 


22 - 


1 


22 - 


11 


92 . 


—• 


22 


. 


... 






23 - 


.~ 


23 - 


2 


23 - 


8 


28 . 


-. 


28 


• 


2 






24 . 


1 


24 - 


... 


24 - 


5 


24 - 


..« 


24 


• 


... 






25 - 


.... 


25 - 


* 


25 - 


5 


25 - 


6 


25 


. 


2 






26 . 


2 


S6 - 




26 - 


8 


26 - 


8 


26 


• 


1 






27 - 


1 


27 - 


.-. 


27 - 


^ 


27 - 


4 


27 


. 


1 






28 . 


.i— 


S8 - 


... 


28 - 


3 


28 - 


1 


28 


• 


8 






29 - 


^-. 






29 - 


4 


29 . 


.. 


29 


• 








30 - 


.~ 






80 . 


4 


80 . 


— 


30 


• 


_ 






31 - 


1 






31 - 


6 






31 


" 


"~ 







These dates must not be mistaken for the dates of attacks^ but are the 
dates on which the certificates were signed, that is to say, when the 
medical attendant was sure of the nature of the disease. The real dates 
of attack would in general be some days earlier. We must not attempt, 
therefore, to deal with them very minutely. It is, however, su£Bciently 
evident that the great outbreak began in the first week of March, and 
s^jeedily reached such a height that new cases were reported at the rate 
of 10 or 11 a day ; and it appears also that the cause, whatever it was, 
must have persisted, or else new causes must have come into operation, 
with gradually diminishing effect, for at least two months. 

In examining into the origin of the outbreak it is Important to inquire 
in what localities the first cases arose. For this purpose it is convenient 
to divide the town into districts — central, northern, north-eastern, 
ea^stem, south-eastern, southern, south-western, and western. In the 
Following table the cases reported since the beginning of 1880 are 
<listributed month by month according to the districts in which they 
occurred: 
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Apr. A. No. 12. 



of Enteric Pever 
at Blackburn ; 
by I>r. Aiiy. 



Warda 


St. Mary's, 


StJohn'a 


Trinity. 


Park. 


StPtter'i 
and St. 


St 


Bstimated Popula-') 
tlon • -i 


SAOO. 


15,600 


19,000 


2^ 


,700. 


nark's. 

SMOO 


16,m 












Central. 


North. 


North- 
East. 


East. 


South- 
Bast' 


South. 


South- 


▼ftt. 


1880. 
















January - 


— 


— 


6 


1 


2 


— 


2 


8 


February 


— 


— 


2 


— 


— 




4 


1 


March - 


•— 


1 


1 


1 


1 


— . 


1 


1 


April 


— 


2 


5 


1 


— 




1 


I 


May 


— 


1 


3 




^^^ 


— 


1 


— 


Jane 


•— 


•^^ 


1 




— . 




I 


« 


July 


.— 


1 


2 


-~ 


2 


--. 


5 


— 


August - 


— 


— 


2 


— . 


— 




1 


2 


September 


— 


1 


— 


2 


8 




12 


1 


October - 


— 


4 


2 


8 


7 


2 


7 


i 


November 


1 


10 


4. 


3 


4 


1 


• 8 


6 


December 


— 


1 


2 


— 


1 


2 


6 


4 


Total 


1 


21 


SO 


11 


20 


10 


42 


26 








I ' 


V „ 1 






Rate per 1,000 


0-2 


1-3 


2-1 


1-2 


2-1 


1-5 


1881. 


















January - 


-*- 


1 


2 


— 


— - 


— 


2 


1 


February 


— 


1 


3 


— 


2 


2 


5 


1 


March • 


2 


13 


21 


8 


7 


25 


44 


89 


April - 


— 


6 


7 


1 


9 


10 


12 


16 


May - 


1 


8 


8 


8 


2 


3 


10 


3 


Total 


8 


24 


86 


12 


20 

L „ 


40 


73 


50 


Rate per 1,000 


0*6 


1-6 


2' 


5 


2-3 


8-1 


8-0 



The local distributioD, day by day, during February and March Ym 





Central. 


North. 


North- 
East. 


East 


South- 
East 


South. 


South- 
West. 


Wert. 




1881. 
February 1 
2 
8 
4 
5 
6 
7 
8 
9 
„ 10 

„ H 
12 
18 
14 
15 
16 
17 
» 18 
,> 19 


1 1 1 M M 1 M 1 1 1 M 1 M 1 


1 


1 

1 
1 


— 


1 1 1 M i n 1 1 1 1 i 1 1 1 1 1 




1 


1 
1 
2 


— 
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CentnL 


1 


Xortb* 


^ 


Soath- 


A _ A« 


1 






East. 


Kiuit. «o«"- . West. 1 ^««- 


1881. 
Febniary 20 
„ 21 
,,22 

,> 23 
„ 24 
„ 25 
„ 26 
» 27 
„ 28 

March 1 

2 

3 

4 

„ 5 

» 6 - 

7 
» 8 

9 • - 

„ 10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

M 20 

21 

22 

„ 23 

24 

25 

., 26 

27 

„ 28 

29 

30 

81 


1 
1 


■ 

1 

1 
2 

a 

3 

1 

1 
1 


1 

1 

1 
1 
2 
2 
2 

4 

2 

1 
2 

1 

1 


2 

1 

1 
S 

2 


1 

1 
I 
1 

1 

1 

1 


1 

at 

Guitle 

2 

1 
1 
3 

1 
6 

2 

1 
2 
2 
2 

1 

1 


1 
1 

2 
3 

2 
6 
2 
2 
1 

< 
1 
2 
2 
1 
2 

2 

2 
2 

4 


1 

2 

1 
1 

1 

1 
2 

5 
6 
1 
3 

1 
1 

1 
1 



Afp. a. No. 12. 

On an OuDirr^ 
of EnU'nc Fc*cr 
at Blftckbum ; 
by Dr. Airy. 



It is here seen that on the 7th of March cases of fever were reported 
from the north-east, south and south-west quarters of tlie town, next 
(Jay, one from the west ; on the 9thy from the west and north-east ; on 
the 10th, from the north, north-east, east, south, and south-west. Evi- 
dently the outhreak was pretty general from the very first. The central 
(li'-tric^:, however, appears to have remained untouched till the end of 
March, and in the south-east quarter the outbreak was a little later 
ihan in the others. The population of the south-east quarter, belonging 
[irlncipally to the artizan class, is comparatively small and w^ll-housecl 
Willi wide airy streets, at an elevation of 50 to 160 feet above that of the 
jxif-Jiter part of the town. The central district, at a comparatively low 
level, has also a small 'population, chiefly of tradesmen. This district 
n])pear8 to he singularly free from fever. Throughout the year 1880, 
( nly one case was reported from this part of the town. 
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AFP. A« No. 12. If we compare the distribution of the recent acute epidemic with th^ 
On an Ouibnok distribution of the more chronic prevalence of fever in 1880, we eee 
atluSkfera^^ that they do not very greatly differ, though there is a reveraal of reUUve 
by Dr. Airy. ' incidence between the south -eastern and southern districts, and increased 
Etiology. incidence on the south-western and western. It seems, therefore, not 

improbable that the cause of the recent outbreak may have been a 
repetition in an intensified form, of the circumstances, whatever they 
may be, to which the habitual presence of fever in the town is due, with 
something special to account for the greater prevalence in the south, 
south-west, and west. 

The general opinion of the medical profession in the town is that the 
fever was caused by impurity of the water. The artisans, retinning to 
their homes from the dusty mills where they have been woiting hilf 
the day, go straight to the water tap and take a deep draught. Hiere 
is general complaint of the quality of the -water. The branch mains 
and service pipes contain a good deal of sediment, and the water as 
drawn from the taps is often turbid and unpalatable. 

There is no reason to think that milk has been concerned in the 
spread of the fever. The milk-walks are numerous, and the dairies lie 
far apart on different sides of the town. It cannot be supposed that 
many of them became infected simultaneously. Very little milk is 
drunk by the artizans and their families ; and in many instances whvre 
fever broke out it could be positively asseited that no mOk had been 
drunk. 

The drainage, as far as I could see, was not to blame. The fever 
was not generally found in relation with local defects of trapping and 
the like ; nor was there evidence of much nuisance in the shape of 
offensive effluvia from the street gratings. One street in which fertr 
prevailed had not yet been properly sewered. 

It can hardly be supposed that the privies and middens in different 
parti) of the town became simultaneously productive of fever poison. 
At least it would be an assumption which could not be proved in the 
present state of our knowledge. It may, however, be worth while to 
ask if there was anything noteworthy in the atmospheric conditioiis 
preceding the outbreak. The severe frost ended on January 26. Ic 
the last days of January and the first half of February the mean dailr 
temperature averaged about 40°. In the latter part of Febmarr it 
declined to 34^, but rose again at the beginning of March, and aboot 
the end of the first week, j ust when the fever certificates began to come 
in> the mean temperature rose to 60°. 

The rainfall at Blackburn in the first half of Febniary amounted to 
five inches : in the latter half of the month it scarcely exceeded half &q 
inch : in the first week of March it was about one inch. One cannot 
perhaps find in these conditions anything likely to affect prejudiciall? 
the state of the air around privies and middens ; though if Blackburn 
had derived its water supply from shallow wells, it would have beea 
natural to suppose that the heavy rainfall of the early part of February 
had served to wash into them some of the surface filth that had 
accumulated during the frost of winter. 

Remembering the situation and relations of the conduit which briDg!< 
the chief part of the town supply from Pickup Bank to the Guide asd 
Fishmoor reservoirs, one is led to ask if it was not possible that what 
we have imagined in the case of shallow wells might have realh 
happened in the case of the shallow conduit. I am not in a position to 
prove that such pollution of the water actually took place at this tim^ 
but I think there is ground of suspicion that it noay have done so. 
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I have mentioned that there hod been, in the winter, several ca^c:^ of Arr. A. \o. 12. 
oiiteric fever at Belthorn, the village on the crest of the hill, alon^ the (>n nn Outbrwiic 
sifie of which the conduit is carried. From one medical man I heard °' Sr^-"vt' ^^^^^ 
of seven cases in January, four in February, two in March, seven in by Dr^Ai^ ' 
April, and three in May, all in this little village of Belthorn, which Knt«ric fever at 
<Ioes not contain more than 800 or 400 inhabitants (part in Oswald- ^'''*»<'"»- 
twistle Urban District, and part in Blackburn Rural). From other 
medical men I heard of other cases. On inspection I found that the 
majority of these capes were clustered in the lower part of the village 
where was a spout of water by the roadside. This was the chief supply 
fur all purposes. It was derived from a deep well in the sandstone 
rwk, the position of which was indicated to me at a point in the road 
half-way up the steep village, only a few yards from a cluster of privies 
on each side of the road. The villagers themselves fully ajipreciated the 
<laiiger of the situation. They pointed out to me that these privies were 
always dry, never needed emptying, that the fluid must go somewhere, 
that the rock ^yas much fissured, and that it:* bedding slop(;d a little 
towards the well and the spout. In fact they had no doubt, nor had I, 
that the well must be polluted by the excreta from the dwellings al)ove 
it. Id the winter enteric fever attaeke<l n family at a farmhouse on the 
hill slope between the village and the conduit of the Blackburn 
Waterworks. They drank water which was s^iid to be derived by 
another pipe from the same well as that above-mentioned. In this 
case the exci*eta were thrown on to a manure h<»ap n€*ar the houso, and 
affcrwards scattered with the rest of the manure over a sloping ])asture 
whirh is separated by a deep lane and a gniss mi»adow from the line of 
the conduit. The lane side drainage was said to be carried in a pipe 
nnder the conduit. From some of these Belthoni ciises it is quite 
I'Oi^Mble that infective matter may have lenkc<l into the culvert in 
February and have been carried into the Guide and Fislnnoor reservoirs, 
I <hall have to show that contamination affecting the (iuide and 
Fishmoor water would at that time have been impailed also to the 
^u})plies derived from the White Birt Colliery and from the deep well 
on Revidge. 

But first I have to s|>eak of a case of enteric fever, which api^ears Enteric fever at 
;ni)ong the cases reported to the Sanitary Authority in the latter part ^"'^^• 
uf February, the case of John Aspden, No. 124, Shorrock's Row, 
tJnide. The certificate of his illness was dated February 22. Tho 
medical attendant assured me that the ca-^e was, from the first, one of 
immistakeable enteric fever, promising at first to l)e severe, but after- 
wards taking a favourable turn and ending in complete recovery. At 
the time of my visit the man, a collier, was in iull work. His wife 
worked all ^y at a cotton mill. They had come to live at Guide about 
three weeks after Christmas from Over Darwen, whore the man had 
had typhoid fever three or four years before. Tl»ey drank water from 
a spout in Guide seldom drunk from by the neighbours. The water is 
derived f]t>m a well under a house at the back of which are several 
r»7 ivies. A specimen of this water has been analysed by Professor 
Fiankland, who finds in it evidence of sewage contamination (see 
;>age 90). No other persons in Guide were ill with fevor at the time 
nf Asjxlen's attack. 

The house in which the Aspdcns live is the ninth from the bottom in 
the row of cottages which has been described above (page 76) as ter- 
minating just above the line of the water culvert, near its outK't (.ve 
/Ian). This case was not visited by the Medical Officer of Health, nor 
by the Inspector of Nuisances; the danger to the public health 

B S199. V 
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App. a. No. 13. atteiuling the presence of a ease of enteric fever so near the main artery 
On an Outbreak of the water supply was overlooked; an unskilled labourer who works 
**t ISickb ^^^'^^ under the Nuisance Inspector was sent to the house with some carbolic 
by Dr. Airy. ' acid powder. Aspden states that this disinfectant was used to discharges, 

which were then thrown into the privy, one of the row of privies that 
have their pits opening to the meadow through which the water culvert 
passes. Slops and rinsings of vessels undisinfected were thrown down 
a sink in the back yard, or thrown into the roadside gutter in front 
of the house. Either channel would carry them, as already described 
(page 78) immediately over the water-culvert, at points ^where it was 
evident on internal examination that fluid was in the habit of oozing 
into the culvert. Any such admixture, supposing it to occur, would be 
infinitesimal in comparison with the quantity of water flowing in the 
culvert, and that again, in comparison with the whole body of water 
in the reservoir which received it, would be but as a river flowing inui 
the sea. It certainly taxes the imagination to suppose that so minute a 
p(N:tion of infected matter would suffice to give a poisonous taint to so 
large a body of water, unless it possessed the property of self- 
multiplication. 

Distribution of But now supposing the conduit water to be thus contaminated, let ii5 
Sttor^^*of' ^ ^^ ^^^> ^° *^^® latter part of February, this water would be disiributeiL 
Februaiy 1881. In the first place there was evidence in the records of the water- 
levels in the several reservoirs, as kept by the waterworks manager, 
that from February 5 to 2S, and again from March 4 to 31, the Fisbmoor 
reservoir was being replenLsbed from the conduit by the bye-wash 
described above (page 78). For this purpose the gate-sluice at the 
mouth of the bye-wash would be set half open so as to divide the 
stream coming from the culvert, turning part rf it to Fishmoor and 
letting the rest run into Guide. So at that time any taint carried by 
the conduit water would be divided betweeu Guide and Fishmoor. 
[Supposing any taint to enter the bye-wash from the tributary ditcb 
(page 79) it would affect the water in Fishmoor, but not in Guide.] 

In the next place there was evidence that for about a week February 
12-19 the Guide water was turned into the Audley reservoir {fee page 76) 
to supplement an extraordinary drain upon the latter, due to frost- 
burst service pipes, and taps left running to save the pipes from 
bursting. At the same time the Audley reservoir was being largely 
supplied from the White Birk Colliery. During this time, therefore, 
the Audley water would share (but in less degree) any taint that 
affected the water in Guide. The Audley reservoir, being very small 
in comparison with Guide or Fishmoor, might be expected to get rid 
of any such taint more rapidly than they ; and it is a fact that in the 
north-east, east, and south-east districts which are supplied from 
Audley the epidemic appeared to subside about March 23-25, while id 
the west and south-west parts of the town, which are supplied from 
Fishmoor, it continued unabated tnrough the month. 

Lastly, there was evidence that during the weeks ending February 16 
and 23 and March 2, the deep well on Revidge was being replenished 
from the Guide main, the mixed water being pumped from the well M 
the covered reservoir on Revidge top, and thence distributed to the 
northernmost part of the town. 

Thus it appears that in the latter part of Februiuy every section of 
the water supply of Blackburn contained more or less of the water that 
had passed through the conduit under Belthorn and Shorroek^s Bow. 
Therefore, supposing the conduit water at that time to be the vehicle 
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of enteric fever infection, we can see how a genet a1 outbreak of fever App. a. No. h 
in the early part of March in different quarters of the town might be o^ ^n ombrraw 

aCCOanted for. of Er t4-nr Ft v. r 

at Blackbtim ; 

The districts which suifered most severely were the southern, south- **> i>r. Airy, 
western, and western. These are principally, the two latter entu'ely, 
supplied from Fishmoor. The north-east, east, and south-east districts* 
which are chiefly supplied from Audley, were affected about equally but 
Ies8 severely than the other side of the town. 

The northern district is supplied alK>ut equally from Audley, Fish- 
ruoor, Guide, and Revidge. It lies principally on the steep slope of the 
hill side, and appears to have suffered less than those before-mentioned. 
only half as much as the west and south-west -districts, which are 
supplied exclusively from Fishmoor. 

The main difficulty in the theory of infection by watar lies in the 
singular immunity of the central district. This immunity is equally 
ditficult to understand on any other hypothej^is. Possibly the estimate I 
have employed of the population of this district, which is simply based 
on the number of burgesses in the ward, is much too high. It is 
unfortunate that no accurate data are available for the purpose, though 
at the recent census there should have been opportunity of learning the 
population of each enumerator's diiitrict. The area of the central 
dhtrki is lar^ly occupied by the market place and market hall, the 
town ball, and public offices, the parish church and churchyard, all 
which greatly curtail the space avaihible for dwelling-houses. The 
wjiter supply to the dwellings is chiefly from Fishmoor ; to the public 
buildings from Guide main. 



Leaving this difficulty where it stands, let us see what has b(^en the incuicn<^ 
relative Incidence of fever on different sections of the town according M)*ti(,'j!ii( 
to water supply. Here again we are at fault for want of accurate data »"i'i'^- 
of di.strict population. Distributing the estimated ward population as 
iairly as I can among the four different sections of the water supply, I 
arrive at the following estimate of the number of inhabitants to each 
action: Guide, 1,960; Fishmoor, 65,100; Audley, 37,600; Revidge, 
l.tXX). In these four sections the numbers of reported enteric fever 
cn^s have been as follows, month by month : — 
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A pp. A. No. 12. 

On an Outbreak 
of Enteric Fever 
at Black born ; 
by Dr. Airy. 
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In the above distribution there is some ancertainty attaching to tk 
numbers assigned to the (Buide and Revidge sections respectively ; for 
in some cases the supply was ambiguous, the same pipes being char^ 
at one time from the one source, at another time from the other. This 
consideration, together with the smallness of the actual numbers, makes 
it unsafe to base upon them any positive conclusion regarding the 
Guide and Revidge waters. It is sufficient that the numbers, small as 
they are, are not at variance with those for the Fishmoor and Andlej 
sections. 

Fi*om these it would appear, if the population estimates are not 
altogether incorrect, that in 1880 the fever incidence was pretty equal 
on the different sections of fhe population supplied from difierent 
sources, with perhaps a preference for the section supplied from the 
Audley reservoir ; but in 1881, and especially in March, the relative 
incidence is reversed, as between Audley and Fishmoor. This is 
quite in accordance with the theory that the March outbreak wt.< 
due to contamination of the water in the conduit between Pickup and 
Guide. 

There is no reason to suppose that the contingent furnished to tk 
Audloy reservoir from the White Dirk Colliery was independentlj 
charged with enteric fever poison. I was assured by the collierr 
manager (Mr. Thomas Taylor) that none of the miners had recently 
been ill. Mr. Taylor courteously took me down the mine, and showcl 
me the main body of the water that flowed from disused workings. 1 
have already mentioned that the danger of contamination does not lie 
here, but in a small contribution which comes from the heading where 
the miners are at work. However, there had been no case of fever 
among 14 families that take water from this source between the pump 
that lifts it from the mine shaft and the pump that forces it to tho 
Audley reservoir. I think we may conclude that any infective pro- 
perty that may have attached to the Audley water was deriveil not 
from the colliery, but from the admixture of water from the Guiile 
main. 

Learning that the Blackburn Union Workhouse received a part of 
its water supply from the connecting branch between the Audlev 
reservoir and the Guide main, I made inquiry there concerning enteric 
fever. There was, however, no history of enteric fever originating in 
the establishment, except in one cai^e, that of a domestic servant who 
was admitted to the house on December 2, 1880, and taken into the i-ick 
ward on Februaiy 5, 1881. The average number of children in the 
house was about 140; of inmates, 750. They drink very little water, 
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but prefer bnttermilk, of which there is a copious supply from a dairy app. a. No. la. 
sttfached to the workhouse. There is also on the grounds an independent onsn r>ati>r«>«ik 
source of water supply in a deep open pond which has gathere<l in a pft J[ BiMfclmn?* *^ 
made by quarrying building stone for the workhouse. At the utmost by Ur. Ain . 
we could not have expected a heavier incidence of fever on the work* 
house than on the district supplied from the Audley reservoir, that is, 
in March, about one case per 1,000. The workhouse population being 
n ruler 1,000, and consisting chiefly of elderly people, we need not be 
surprised that no case arose among them at that time. 

The Fishmoor water is supplied to one or two outlying tillages not Enteric fevor at 
included in the above-mentioned districts of the town. These are the LSw^£rw*'r* 
\ ilUiges of Cherry Tree, Lower Darwen, and Blackamoor, tlie last being 
very small. 

At Cherry Tree, where the dwellings are of a good class, inhabited 
by higher artizans, and the drainage good, there had been at the end of 
February and in March seven houses iovaded by enteric fever. 

At Lower Darwen, about the same time, one medical man had had 
four cases of enteric fever in as many families. 

At Blackamoor there had been a case at a farmhouse not supplied 
from the waterworks ; but the place is not large enough to jnstify us in 
expecting so much as one case from a cause that gave only 1*5 per 
1,000 in Blackburn. 

It may here be noted that the incidence of fever in proportion to 
population was really very slight. It was not of marked severity in 
any particular streets, but was very generally diffused. This fact seems 
to show that the poison, by whatever vehicle conveyed, was largely 
diluted. Moreover it was observed by most of the medical men that 
the cases which they were called to treat were slow in declaring them* 
s<-lves and in developing the characteristic features of enteric fever, 
romparatively few of them proved very severe. 

These considerations all tell in favour of the theory, to which I conduiion. 
>trongly incline, though I cannot conclusively prove it to be true, that 
the cause of the March outbreak was a specific contamination of the 
wat^r supply. How this can have come about may be gathered from 
t}»e foregoing description. 

• • • • • 

December 1881. 
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On an Outbreak 
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by Dr. Airy. 



Note of Analysis of Sample of Water, 



SiK, 



Boyal College of Chemistry, South Kensington Maseum, 

August 22, 1881. 
Herewith I enclose the results of analysis of two samples of water 
sent here from Blaekbum at the request of Dr. H. Air^. 

The water taken from the outlet of the culvert gomg into the Guide 
reservoir is possessed of a bitter taste owing to the presence of a large 
proportion of peaty matter. In all other respects it is of excellent qnality 
for drinking, and being a very soft water it is also well adapted for washing, 
and all other domestic uses. 

The samnle from the spout at the back of the ** Guide Pole House" Inn 
is clear ana palatable, and contains only a small proportion of organic 
matter ; but as this is almost wholly of animal origin, and as there i? 
evidence of serious previous animal contamination, the water is dan- 
gerous for dietetic use. Being fairly soft it could, however, be used for 
washing. 

I have also microscopically examined a small sample of water labelled 
" Water percolating into culvert near outlet at Guide.*' It con1»ined a 
little suspended matter, but no moving organisms. 

I am. Sir, 
The Secretary, Your obedient Servant, 

Local Grovernment Board. E. Frakkla>'P 



Results of Analysis expressed in parts per 100,000. 
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No. 13. 

On an Epidemic of Enteric Feveb in the Urban Sanitary District app.a^o u. 
of Melton Mowbrat, in connexion with the Sanitary Condition On an 

of the Town ; hy Db. BlAXALL. Enltn? Fetr 

at Melton 

On November 9th, 1880, the Registrar-General informe<l the Local Mowbray; by 
Government Board of the occurrence of three deaths from enteric fever ^''^ * • 
in Melton Mowbray; and on the 13th several cases of enteric fever 
having been reported in the town, the Urban Sanitary Authority 
applied to the Board to sanction the appointment of Mr. Roberts (one 
of the medical practitioners residing in the town) as Medical Oilicer of 
Health — ^that office having remained in abeyance since the precedin*:^ 
March when Dr. Buck, who held the appointment for a combined 
district that included Melton Mowbray, tendered his resignation. The 
Board sanctionerl the application pending the re- appointment of a 
Medical Officer of Health K)r the combined district, and at the same 
time instructed me to institute inquiry into the circumstances of the 
outbreak in relation to the sanitary condition of the town. 

Accordingly I proceeded to Melton Mowbray, and on arrival there, 1 
placed myself in communication with the Clerk to the Authority, 
together with Mr. Roberts, the acting Medical Officer of Health, and 
the other medical men practising in the town, all of whom were good 
enoQgh to give me lists of cases of enteric fever that had come under 
their treatment since the beginning of the year. The first case, dating 
from April 7th. occurred a month after Dr. Buck's resignation. 

Melton Mowbray lies east and west along the north bank of the 
river Eye, having a gentle rise of about lo or 20 feet to the north. 
The Scword brook flows through the eastern boundary on its way to 
join the Eye. The town is overlooked on all sides by hills of variou3 
elevations. The geological formation is lias clay with argillaceous 
liniestone at the base, underlying a porous soil of sand and gravel ; but 
at the higher parts of the town the clay crops up to the surface. The 
subsoil is much water-logged, owing partly to the low-lying situation 
of the town, and partly to the damming of the river and brook at places 
for mill purposes, which by keeping the water at an unnaturally high 
level causes undue saturation of the soil. The town is also subject to 
serious floods ; the highest known for some years occurring last July, 
'W'hen the water rose five or six feet in the houi^es in the lower part of 
the town. Inundations afterwards took place in September and 
October. 

In 1871 the population was returned at ^'^,030. There are no special 
industries beyond the making of raised pies, which is can'ied on chiefly 
at two establishmentB, giving employment to several male and female 
hands; but Melton Mowbray being a great hunting centre, many of the 
men find employment in the stables. 

Present Sanitary Conditions. 

The sanitary condition of the town, I regret to have to report, is 
eminently unsatisfactory, with reference specially to the means of 
excrement removal and disposal, the water supply, and the drainage, 
^'hile pigsties and slaughter-houses may be included amongst the many 
evils which here point to the want of efficient sanitary administration. 

T'ke prides mostly discharge into large and oftentimes uncovered 
cesspits sank below the surface. Several of them are very filthy and 
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dilapidated, and they are occasionally to be teen in actual contact wiib 
inhabited dwellings, tlie walls of which are saturated with filth from 
them, while the air in and around the houses is pervaded with fecal 
odour. Certain of the houses are provided with out-door closets vhieli 
communicate with the sewers, but have no means for flushing. In the 
better class of houses the watercloscts are situated indoors, and biTe 
water laid on to them ; but the soil-pipes, as a ruie» are unventiht^l 
The closets beluuging to the Biitish and Church Schools communicate 
with the sewei^s, and may be specially noted as affording examplos of 
aggravated nuisance, consequent in a great measure oa the want of 
proper provision for flushing them. The two belonging: to the boys' 
schools are built back to back, and each contains fonr seats ; while thn 
girls' closets stand in separate yards. One of the latter is flushed bj s 
ruin-water tank, which at the time of my visit was empty, while the 
Pushing of the other, as well as of the boys' closets, is dependent opou 
an arrangement in connexion with tho school pumps. This amo^^- 
ment is found to be not only ineffectual to the purpose of washing awar 
the privy contents, but fraught with danger to the drinking water. It 
consists of a covered iron box under the spout of the pump, havio^ 
inserted in one side, about two inches from the bottom, a small spout 
for the children to drink at, and in the other side a pipe to convey tlii' 
water direct to tho closets. The fact was overlooked that the pipe- 
when empty forms a conduit for tlie foul air of the closet- pans, bringiug 
it back to become absorbed in the water in the box, and thereby consti- 
tuting a danger to the consumers of the water. One little fellow said k 
never drank the water of the school pump, as it smelt so nasty, and a 
man bore testimony to the same effect. 

. The water supply of the town is derived from wells which, I am 
informeil by the Surveyor, vary in depth from 12 to 15 feet or deeper 
where there is clay at the surface. The sides are said to be steined 
with brick. In the process of sinking the wells much difficulty is 
experienced in keeping the water out, which is evidence of the exteot 
to which the subsoil is filled with water. The public wells (nioe in 
number) are sunk under the streets, and are much exposed to pollaiion 
by surface soakage and by infiltration into them from the surroundio? 
subsoil. The danger is increased by the filthy practice of cleansing at 
these pumps carts that have been employed in the removal of night-soil 
The Authority to put a stop to this have caused placards to be affixed 
to the pumps warning all persons so offending that proceedings will be 
taken against them. 

The private wells are also much exposed to danger, being sunk in 
unwholesome proximity to privies and other contaminating circam- 
stances. For example, a well belonging to a dairyman at Timlier Hill, is 
about ten feet from a privy pit, which I observed to be full to OTe^ 
flowing, the contents leaking out from under the seat, while at a short 
distance off was a second privy, and near this a large accumulation of 
manure. The water of this well is used for dairy purposes. 

Sewerage. — The Authority have given much attention to the question 
of sewerage, and have incurred considerable exi)ense in their endeavour* 
10 improve the drainage of the town. Hitherto their efforts in thi^ 
direction have been only partially successful, and the work has, more- 
over, been very imperfectly executed. As originally designed in 1862, 
the system consisted of glazed pipe sewers laid down the principal streets 
for the purpose of carrying off storm and surface water, together with 
the discharge of certain privies. These sewers all communicated witb 
one main Fewer, which, after a flat and somewhat long course, poured 
its contents into the river. This main sewer was foimd frequently to 
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Income choked, causing almost emlless expeni?o to got it cleared or App. A. Xo. 13. 

rclaul. At last an engineer was consulted on the subject, and ho onan 

devise<] a scheme for renaedying the e\il. Accordingly the Anthority Kpui«mic of 

applied for a loan, which whs sanctioned, to enable them to carry out ai'Mtfit ,n ^^ 

the suggested improTementi?. These consisted in laying down a new J^^^^jJ^j.'*^ 

innin sewer, the lower end being formed into an elongated tank, in 

which the sewage aocamulates at night. During the day it is pumped 

up to another tank, where it is treated with lime, the solids precipitating, 

while the effluent sewage is conveyed by pipes to the river. This plan 

has not, however, proved altogether satisfactory, the new sewer having 

Hink in places, and in consequence it is now being relaid on blocks of 

concrete. In connexion with the Scalford brook, to the eastward of the 

town, there is a flushing tank in relations with the main sewer ; but all 

tlie other sewers are without any provision of the kind. The means 

adopted for their ventilation consists of man-holes fitted inside with 

charcoal trays, but these of themselves impede the free passtige of air 

into and from the sewers, while their openings at the road level were 

without exception either choked with mud or filled with water. 

The man whose business it is to see they arc kept in order 

to](l me that in summer they get filled up with road dust, adding, 

" they want seeing to every day." It is therefore evident tliat 

They do not properly fulfil the purpose for which they were designed. 

j\gHin, the street gnUies are carefully trapped, so that they do not assist 

u\ any way the cireulation of air in the sewers. In a few instances 

v,here rain water pipes have been led into the sewers, the discoloration 

of the paint at the joints testifies to the foulness of the air thnt here 

^*«ipes. The house drains are very imperfect, being subject to fretjuent 

choking, while the inlets are often untrapped. This, in the absence of 

proper ventilation of the sewers, is a matter of very serious moment, as 

"ff('ring faeilitie? for the pent-up air to escape in the immediate vicinity 

^'f dwellings. In proof of the foulness of the gases so liberated I 

Temved numeroos complaints of the stinks arising from the dram inlets. 

In the lower part<« of the town I am told the 5torni water docs not enter 

rhe sewers, but is led into ditches which have been culverted, and 

extend to the river. 

Pigsties and Slaughter-houses^ together with accumulations of refuse 
. nd manure, are matters demanding better supervision and care than is 

It stowed npon them in Melton Mowbray. 

• • • • • 

It may be gathered from the foregoing details that Melton Mowbray 
i? Airnished with plenty of conditions favourable to the development and 
spread of enteric fever. 

Epidemic op Entjkric Fkver. 

It appears that ^^ fever" was present in this town in 1879, Dr. Buck 
'^tati^Jg in his annual Report for that year that two cases had been re- 
]'<<rted to him, also that a child had died of ** simple fever." No men- 
^\>ju was made of dates or localities, and it maybe belie ve<l that other 

:v^es occurred which did not come to the knowledge of the Medical 
( )iti<:er of Health. Be tliis as it may, the introductory cases of the 

pitiemic now in question date from the 7th of April, when fever 
i[tai!ke<l three persons, viz., a young woman on a visit to some friends 
n i^ieester Street, and her brother and another young man lodging 
c.gether in King Street The disease was undoubted enteric fever of a 
urulent type, two cases proving fatal, viz., that of the young woman, 
viio died after removal to her home, and the young man in King Street. 
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The girl's brother had severe hsemorrhage from the bowels. The biotfair 
and sister were in the habit of iaterchanging visits, but the other jousg 
man did not go to Leicester Street, nor had the sufferers been away from 
the town. These circumstances point to exposure to infection in 14 
about the dwelling in King Street. Inquirj as to the probable medium 
went to show that both the drinking water and the mUk were obtained 
from sources common to many other families who were exempt from fevtr; 
but it was found that the privy belonging to the house discharged into a 
cesspit which contained a gi'eat deal of excrement, fairly covered vitii 
ashes. The privy was very cleanly kept, but was ofiensive. Close ti. 
it was the trapped inlet of a drain, while at the entrance to the yard vi^ 
a second inlet, untrapped and causing much nuisance. These hch 
suggest the possibility that the three cases above referred to owed tbei- 
origin either to the air of the privy or the air of the sewa*; itol 
although there is no evidence at this period of the privy or the x^^^ 
having become specifically infected, still it is impossible to prore th» 
contrary. Two fresh cases occurred on May 3rd and July Ist respec- 
tively. The first was that of a man living with his wife, tluree ehiidni:. 
and a servant at Timber Hill, at the corner of Bentley Street, about ^^ 
or 100 yards from the dwelling in King Street ; but I could not hear of 
any communication between the infected families. The man's bo»n<>> 
took him a great deal away from home, visiting the country aronnd, but 
there was no evidence of exposure to infection on these occasion'. 
Close to the back door of this dwelling is a drain inlet, inefiectoalij 
protected by a bell trap, and near this a highly offensive midden-privr. 
The man, it appears, was specially intolerant of the stink, for it csusk) 
him much nausea ; whereas the other members of the household did not 
notice it. The second case was that of a young lady living at Tliorpo 
End. There were several other occupants of this house, as well &« 
many employes on the premises, but hers was the only case of fevif 
amongst them. The watercloset is situated inside the house, and com- 
municates with the sewer. The soil pipe is unventilated, and tite ck^ 
has no opening to the external air, the window being placed in thr 
partition wall of an adjoining office room. There can be no doubt ih\ 
this closet is an element of danger, but the lady, it would seem, was iK>t 
peculiarly exposed to its injurious influence, her bedroom being soou* 
little distance removed. The sewer which runs in front of the hous« '» 
complained of as giving rise to great nuisance, while in the yard in tbv' 
rear is a cesspit privy, which at the time of my visit was being abolishd- 
It will be seen by the foregoing that the infected families were livini: 
under conditions exposing them to risk of enteric fever ; but beyond tb^ 
fact — ^and this is not without significance — that the infected hou5«« 
communicated with the same sewer, there was no ground for so^pectioj 
any particular condition as being specially implicated in the causation <'^ 
the fever. With regard to the sewer connexion, however, it should be 
noted that the evacuations of the sufiferers in King Street and TimWr 
Hill were disposed of in the privies or buried. The Airther precaution 
was, it is said, taken by the King Street family to bury the water in 
which the infected linen was washed, but doubtless at the outset, aci 
altogether as regards Timber Hill, such water was emptied down thr 
drains, and most likely there was other opportunity of infection to 
the sewer. It is possible the lady^s case (Ist July) may have been dut 
to this cause, the sewer air gaining access to the dwelling through the 
medium of the watercloset; but there can be no question that the cxf<' 
gave rise to much specific pollution of the sewer contents, the evacua- 
tions being disposed of in the watercloset, and so passing direct into thr 
sewer. And this circumstance, it would seem, had a special bearing ou 
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the outbreak that followed in the first we^k in August, wheu ferer 
appeared in four other houaet«, all in direct com muni cat i4>a with this *^' 
particular sewer. From this time to the date of mv inspection the ^' 
disease COD tinued to pi*evail, invading altogether, exclusive of the initiid ^ 
cases, 41 families, with 66 cases and 8 d»iths, besides two £it«l ca^< i^ 
reported to have been contracted in the town and to have died else- 
where. Of the 41 familiea, foor resided about half a mile out of the 
10 WD, OD the Asfordby Boed, having distinct water supply anii drain* 
age. I therefore propose to treat of the>e separately. A tilth case 
mny also be excluded, as the sofferer (a youth) had been on a Ti<>iK to a 
(h.-^tant town, and manifested the disease eight days after his return home, 
"^ the probability is he was exposed to infection ei^ewliere. Tlie town 
epidemic therefore may be considered to inelu<le primary attacks in 36 
distinct famib'es. These, together with other particulars as to liate, 
locality, &c., are, for the sue of convenient reference, giv*fn in the 
subjoined statement, where the four initial cases are Ukewi«e taKu- 
lated : — 
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Entebic Feveb at Msltok Mowbbat. 
40 Honseholds Invaded. Total Cases 65. 



cn<ling. 



Locality of each InTMied Familj. 
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King Street 
Leicester Street 
Timber Hill 
Thorpe End 

Burton End 
Melbonrse Street 



M 



f» 



Bentley Street 



Noraian Street 
Church Yard 



Korman Street 
Timber HiU 
Bentley Street 

Normmn Street 
Ann Street 
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Kil. 
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Week 

ending. 



Locality of each Invaded Family. 



Date of 
Primarr 
Attick. 



U 

< 



Nov. 5 - 



„ 12 { 



After - 



BecV Mill Lane - 
Sidney Street 
Sherrard Street - 
FaU Mall - 
Sherrard Street - 
New Street 

Ann Street 
New Street 

Thorpe Road Yard 



ti 



t> 



Timber Hill " 
Leicester Road 



Oct. 30 



» 



31 



Nov. 4 ! 1 



It 



Dec. 



» 
ft 



Total 



t 

6 


1 




7 




I 
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n 

8 




15 
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(13 



It will be observed from this table that on three or four occa*ioi^ 
there was a simultaneous appearance of cases in several streets, indi- 
cating some cause in special operation over an extended area. Thus .i 
soon became possible to exclude, as being primarily concerned, two t. 
the ordinary mediums of fever propagation, viz., polluted wells aivi 
unwholesome privies, the injurious eflects of these being limitetl u* 
persons living in their immediate vicinity or otherwise exposed to their 
circumscribed operation. In the Melton Mowbray epidemic the ioradeil 
families resided in various pai'ts of the town, getting their water from 
different wells and frequenting different privies. Again, there was o" 
community with regard to milk, some of the infected families not drink' 
ing milk at all, others getting it from various sources. On the othei 
hand, the circumstances of the outbreak reflect grave suspicion n]^ 
sewer air as having been mainly concerned in the spread of the disea?^- 
It was found that the several streets which experienced the chief inc-* 
dence of attacks occupy a portion of the town traversed byoncpir- 
ticular line of sewei-s (see map) ; and with this line of sewers wtro 
connected the houses in which the initial cafies occurred, and ff^'O 
which, as already explained, the sewer had certainly become contam:- 
nated with the specific material of the fever. 

This suspicion receives confirmation from the fact that all the indi* 
viduals attacked were found to have been peculiarly exposed to thf 
influence of air escaping from drain inlets or closets. Thus, excludiiv 
the initial cases, 23 out of the 36 families had untrapped drain-iiilet^' 
close to their dwellings ; 9 had imperfectly trapped inlets, which vfrr 
so offensive that the people used to throw chloride of lime down tb«* 
drains to stop tbe stink. Besides this home- exposure to the injurious 
effects of sewer air, the opportunity of simihir danger incurred at scbooi? 
cannot in the case of 14 children be wholly overlooked. 

Hence it is apparent that out of 36 infected families 32 were expcH^d 
to the influence of sewer air through the medium of untrapped inlet^to 
drains. The remaining 4 had closets situated out of doors, but unptc 
vided with means for flushing ; an arrangement conducing to the es»l^ 
of sewer air into the closets owing to the traps not being kept dulj 
filled with water. Moreover the traps of the drains from these hon?^ 
(like Ihe olher 32) were more or loss defective. 
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On referring to the accompanying^ plan showing the ditftribution of App.a.No.u. 
tbe fever, it will be seen that 3 of the families lived outside the infected on an 
area, bnt io each of these three cases the persons attacked had been in Bi'idemicof 
the habit of freely visiting relatives within the particular streets. %i^^\um^^ 

These three cases, therefore, although not occurring in the immediate 5? ^SSLiL*'^ 
iVver locality, are properly included in that area, seeing that they are 
referable to precisely the same cause, viz., the infected air of one par- 
ticular line of sewers. 

Id connexion with the sudden increase in the namber of families in- 
vaded at certain periods, it is interesting and instructive to obser\'e that 
thi^ bears an intimate relation to the occurrence of the floods, a fact 
which will be better appreciated by a glance at the accompanying 
di.igram, giving the dates of the floo<ls, together with the number of 
bouses newly attacked in certain specitieil weeks. 
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It will be observed that the flowls took place on July 14th, Septemljer 
14th, and October 4th and 8th, and that each occasion was succeeded at 
intervals of a fortnight or so by a sudtlen increase of fever in different 
itivets. Thus the July floods were followed by cases in four fresh 
louses in the first week in August. In the next seven weeks only three 
jou.ries were newly invaded. Then came the September floods, followed 
)y the appearance of fever in six fresh houses during the week ending the 
I St of October. After this no fresh invasions took place till the October 
\ooih, when (from the middle of October onwards) housos were newly 
it tacked in each of four consecutive weeks, but no Ioniser. This was 
}u^ chief ontbursf, and in the second of these four weeks as many as 
line houses were newly invaded. 

A train, with regard to the marked influence exercised by the floods, 
t nuist he remembered that the bowel discharges of the sufferer at 
'horpe End (initial case, July 1st) were disposed of in the watercloset, 
> fiich communicated with the sewer. Hence the sewer at the time of 
he July flood was in an infective condition, and it is noteworthy that 
ho four houses next invaded (week ending 6th August ", communicated 
ith this sewer, one family residing in Burton End and three in Mel- 
uurne Street, not far from Thorpe End. From these four houses there 
as a fresh infection of the sewer, and undoubtedly the air in it must 
:ive become more intensely poisonous, and poisonous for a longer 
r\-tance up the sewer. So that when the September flood came, houses 
irther off Thorpe End and at the higher levels al)out Pall Mall and 
I ew Street were exposed to increased danger from the escape of air 
om the imperfectly ventilated sewers into them or in the neighbour- 
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hood of them. Then for the third time, when the October floods fouud 
the sewers still more extensively infected, the risk to houses having 
drain-defects was still more widespread and considerabiey and the notable 
outbreak at the end of October was the result 

The salient points of this epidemic maj be summed up as follows :— 

(1.) The fever was confined to a particular portion of the town 

traversed by one line of sewers, the contents of which bil 

become specifically infected with the contagium of enteric 

fever. 

(2.) The families invaded were exposed to the escape of the infected 

sewer air in the immediate vicinity of their dwellings. 
(3.) The peculiarities in the incidence and succession of attacks aro«e 
from flooding of imperfectly ventilated sewers at the lower 
parts of the town forcing infected air through nngnarded 
drain-openings at higher levels. 
(4.) Other parts of the town beyond the immediate -influence of \h^ 
infected sewers were exempt from fever. 

Enteric Fever in Asferdhy Road, — This outbreak was confined to 
four families; residing about half a mile out of the town on the Asfonlbj 
Boad, but within the limits of the urban district. The four cottage^ 
invaded were part of a row of seven, separated at the fonith cottage bj 
a narrow passage, while at right angles to the north end c^ the row, 
with an intervening space of 100 yards or so right and left is a detached 
house on one side, and a row of four cottages on the other. Each row 
as well as the detached house is provided with distinct drainage, watex 
supply and privies. The yard at the back of the seven cottages contains 
two washhouses for the use of the three and of the four cottages respec- 
tively, the washhouse for the four cottages being situate about the 
centre of the row, while near it is the pump which supplies the drinking 
water and which is common to the seven cottages. The water t 
complained of as being very bad, and as evideuce of its imparity it b 
stated that on one occasion, when some horse manure had beeo 
deposited near the pump, the water became quite discoloured and stinking 
with the special stink of horse-dung, insomuch that the people could not 
drink it. Besides this pump one family has the privilege of getting wate 
from the railway pumping station close by. The seven cottages a.v 
provided each with a midden privy built against the wall of the scuUen. 
All were offensive and the efliuvia from them pervaded the dwellings. 

The introduction of fever into this locality would appear to be dne lo 
a man who came from Melton Mowbray about the end of August, to 
lodge with a family living in No. 1 cottage in the row. He was eid)er 
suf^ring at the time from diarrhoea or was attacked within a day or two 
of his arrival. The diarrhoea continued to be persistent and consider- 
able for some weeks, but he was not ill enough to consult a medical 
man. It appears that the occupants of the house he had left in the town 
all suffered in the same way, which circumstance together with the face 
of his coming from a town where fever was present, excites the soq[>icion 
that his illness was enteric fever. While this must remain ao open 
question, it is noteworthy tliat on the 24th of September the youngest 
child of the family with whom he came to lodge was taken ill with tbis 
fever, and on tlie 3rd of October two other children in this house were 
attacked, and subsequently the mother and the fourth child. The only 
infection to which the woman and her children would seem to lutve 
been exposed was the priv}^ belonging to the cottage, and which the 
man made use of during his illness. With regard to the spread of the 
fever to other cottages in the ix)w, here there is good ground for 
suspecting the drinking water to have been implicated. The evidence 
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cf the woman is to the effect thai daring her childrei)*8 illness the Apf. a. Xq. li, 

«:iarrh(Ba being considerable, their linen was very much soiled , and the on an 

water in which it was washed was emptied down the drain near the S''!'^''-"'C' 

jiiirnp; and It would appear inevitable that the lever poison was thus at M>)u>n 

(ouvejed to the well. On the 4th of November fever appeared in ^^Bi^l.^ 

ujotber house in the row, attacking two members of the family in one 

liay, and sabsequentlj two other houses were invaded, in all, four families 

mill 16 cases. Now three of the four families habitually drank the 

watpr from this well, the fourth did so occasionally, but more frequently had 

recourse to the railway pumping station. Of the remaining three houses 

in the row that escaped, the family in one instance assured me that they 

nrver drauk this well-water at all, but got their drinking i^ater from the 

v> (11 }>elongiag to the other row of cottages. In the second house the 

tarailv had only been in occupation about a week at the date of my visit, 

:in<i tlie third house was untenanted. 

The other row of cottages and the detached house tliat got their water 
tr(»m other sources, and that had distinct privies, were exempt from 
i'-ver. These fact^, taken together, justify the conclusion that the man 
from Melton Mom bray was tne means of introducing the fever into the 
Ici-iiiitv^ and that its subsequent extension was due to the infected air of 
ilic privy, and to the drinking of the specifically polluted well-water. 

in conclusion, the whole teaching of this inquiry points unmistakably 
to the epidemic of fever in Melton Mowbray l)eing due to defects in 
'•"ii'litions over which the Sanitary Authority can exercise control, viz., 
f'w ventilation of the sewers; the condition of the house drains; the 
'tate of the privy pits, and the circumstances of the water supplies. 
The floods unquestionably exercised great influence in the dissemination 
[>f tho disease, but if the foregoing conditions had been wholesome the 
^JifO'U could not have been attended with the disivstrous efTects that they 
nust now be credited with. Moreover, the town in its present unsani- 
.<ry condition is a danger to the surrounding villages, as evidenced by 
nv subsequent inquiry in the rural district, where several cases of 
nt^ric fever came under observation, undoubtedly c(>nti*acte<l at Melton 
^/owbray. 

It is quite within the competence of the authority to remedy the evils 
Lave pointed out by intelligent and earnest employment of the powers 
ith which they are vested by the Legislature, and unless early and 
iVuient action be taken in the direction here indicated there is every 
ro I lability now that the contagium of enteric fever has become so 
idAj diffused, that the town will be subjected to the occurrence of 
oiated cases with occasional outbreaks of an extended cliaracter. 

March 1881. 



100 



No. 14. 
app. a. No. u. On an Outbreak of Small-pox at Bourkb Bbidge, in the Osgar 

On anO^break ^^^^^ (EsSKX) ; by Db. HueEBT AiRY. 

Bourne Bridge; In accordance with the instructions of the Medical Officer dattNl 
by Dr. Airy. March 21, 1881, 1 made inquiry on March 28, and again on April 14, 

coucemiug a recent outbreak of small-pox (of which the Board had 
received information from a private source) in a family nametl Farrow, 
residing at Bourne Bridge, in the parish of Stapleford Abbots, in tbt> 
Ongar Union. 

The District Medical Officer, Mr. C. Sanders, of Chigwell, met me on 
the spot by appointment on March 2Sy and gave me information on 
various circumstances connected with the outbreak, and I have since lui>i 
communication with the Inspector of Nuisances and the Believic;: 
Officer. 

The house occupied by the Farrows is a four-roomed, two-storejod, 
weather-boarded, tile-roofed cottage, rented at 6/. a year, standing lirv, 
without fence or garden, abotit 80 yards from the nearest d welting, au«i 
100 yards from the public road, in a flat, swampy meadow at the bottoiu 
of a little valley between Stapleford Abbots and Havering-atte-Bower. 
The meadow is liable to be flooded. The cottage is approached bj s 
causeway of faggots laid across the swamp. On the ground floor Ls iht 
kitchen, about 8 ft. high and 15 ft. by 12ft. in area, with boarded flour. 
A door leads from the kitchen into a back room of the same heigbr, 
15 ft. by 10 ft., with rough bricked floor — a damp, cold, dirty room,thut 
serves at once as scullery, rubbish-hole, and slop-sink. Over these tvs: 
rooms are two bed-rooms, reached by a stair from the kitchen. Adjoii)- 
iug either end of the cottage is a lean-to shed, one for cattle, the otbe: 
for sheep, that are pastured in the metidow. There is nothing to keep 
these animals from the house door. There is a wooden privy belonsin:: 
to the cottage, unsheltered by any fence, distant a few paces from th 
cowshed. 

The following table gives the names and ages of the several Inmati-^ 
of the house, together with the main facta as to vaccination in relation 
to incidence of small-pox. It deserves notice that, the four youngt^ 
children, who had all been well, or fairly well vaccinated, escaped thr 
disease altogether, and that those who caught it suffered more or k^ 
severely according as their vaccination marks were less or mvvc 
satisfactory and recent. 

The first person attacked was the son, William, aged 19, who w:l> 
taken ill, so that he had to leave work, on February 9. The '* pimple5 * 
came out two days later, February 11. Within a few days (alK>*it 
February 15) his brother Frederick, aged 15, was taken ill. Thus far 
the serious nature of the disease had not been recognised. On Febniarj 
17 the father, Samuel Farrow, was attacked, and his illness provin;: 
severe, application was made to the Relieving Officer (Mr. Thompsoul, 
and an order for medical attendance was taken to Mr. Sanders on 
February 19. Mr. Sanders called the same day, and found Farrow lyini: 
upstairs, without a fire, cold and comfortless. There was then i*<i 
eruption to be seen. The man seemed to be suflbring from severe coi*l. 
On the 21st one of the neighbours, a Mrs. Waylett, was called in u* 
nurse. Farrow died on February 23, about 4 a.m. Mr. Sanders called 
again that day about noon. Ho was of opinion that Farrow*s death wai 



101 



partly dae to the cold of the room in which he kj. Tlie eruption was -*"• •^- ^<>- »*- 
whoIJj suppressed, unci the skin discoloured. cv .r f h:tbfT«k 

_^ . of s-n^l-pfii %t 

B"«jrr.* Bn lift . 



Name. 



Age. 



Vuci nation. 



i 



Small- |K»s. 



Bamnel Fairov M 



Ci4 



Kltttbeth 



Samuel 

VUliam 
Frederick 

Hemr 

Ellen 

Junes 



I tf 



» 



^ Naomi 
Walter 
'j: 2 I Maiy Ann 



sc 



I 



Mrs. Vaylett 



19 
lA 

18 

11 

Id 

5i 

4 
Smoa. 

41 



Slated ter Mrs. F. tr> have lM*en vac- 
mnated In cLihlhoud. bat no 
marics aeen bj Mr. Ssanderi. 

Yaorinated in three place* wb<^ 
■eTeii jeani old; tbrre smalhsh 
clooe-aei scan, two fo^eaicd, itfa^ 
third nnooth and ek^TBt<>«l. 

Vaoeinated ; three typioU marks • 

Vaccinated ; three trpiral marks - 
Vaccinated; one fair mark • 

Vaccinated ; one trpii-al lante mark 

and two smaller one>. 
Vaodnafced ; tbnre typiral marks • 



8. P. Krupt>on su;>> 
I pn* !«d. l>ied un 

S. p. iit-^ore attack. 
I EecoTt-red. 

I 



Vaoeinated; 

marks. 
Vaccinated 
Vaccinated 
Vaccinated 



four typical larf e 



five t.Tpi<-«l ma'k* 
three typiral mnrkv - 
three luijall mnrk;* (a 

small sickly atrophied child i.* 
Uncertain ; no mark:* se<-n when 

ill ; refujt<^ Mr. Sanders' offer of 

raocination. 



S. P. Slicbt attack. 

I oiily a f« w fniUuW-^ 
' S. P. A f*^w pu%tnU^«. 
' S. P. Smart at lark, a 
* fftPidotai'^ pustul«-«. 
S. P. Sluhl. F*rw 

piwtult-*. 
■ 8. P. Sl.cht- Tweire 

orUpu»tule4b 

No. 

t 

No, 

No. 

' No. 

I 

S. P. Confla#nit. Death 
< un March 14. 



* This poor child was deprived of its mother's milk while sbt^ was ill. and thouirh the milk 
-T'f'dily returned with her reooTery, yet the child's stomach rejettt-d rt, and the child died, 
wasted away, on April 8. 

The Relieving Officer, Mr. Thompson, called on the day aft^r Farrow's 

death and gave the necessary relief to keep the family from starving. 

While the father lay ill, the eldest son, Samuel, 21, had a t<light attack, 

so slight that he was able to walk to Chigwell to fetch the doctor on the 

^lav of bis father's death, though be himself had the eruption upon him. 

Mrs. Farrow was taken ill on February 20, three days before her hus- 

^^and's death, and two of the younger children, Henry, aged 13, and 

Allen, aged 11, were subsequently attacked with the di.^^^ai^e in a mild 

i^»rra. Some of the neighbouring gentry, seeing that the Guardians in 

their sanitarj capacity were doing nothing in the matter lieyond supplying 

disinfectants, obtained the services of a trained nurse (Miss Short) from 

the St. Alban's Diocesan Nursing Institution at Wiihani. Miss Short 

came in on Febmary 25, two days after Farrow's death. Mrs. Waylett 

ninained to look after the children downstairs. A week later she (Mrs. 

Waylett) was taken ill. (She died on the 14th of March.) 

The four rooms of which the cottage consists were now occupied 
thus: — Mrs. Farrow lay in the bedroom over the kitchen; the inner 
bedroom was given to the trained nurse; Mrs. Waylett lay in the 
kitchen ; the rest of the family, nine in all, five of them convalescent 
iihev small-pox, were huddled in the wretched back chamber that opened 
from the kitchen. Slops are emptied at one comer of this room, where 
a hollow has been excavated in the rough hnck floor, communicating, by 
a large hole broken through the base o{ the wall, with a corresponding 
liollow in the mud outside, whence the filth soaks away through the 
Mirronnding grass and its own accumulated sediment. A loose-made 
door in the further side of this room opens directly into the shed where 
>heep, more or less diseased, were kept. 

1 may mention that Mr. Sanders told me he had previously attended 
Mrs. Farrow for "typhus" fever and for puerperal fever in this same 
oort4ige. 

Mr. Sanders visited the family every day as long as t\iey required 
nie<lical care. The Relieving Officer called once a week. The Inspector 
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: App. A. No. 14. of Nuisances (Mr. Stokes, of Ongar) also visited the place once, on ih" 
On an Outbreak 19th of March. The extract from hia journal relating to this vifiitui; 
of Smaliyox at « Very defective drainage, and the cottage very dirty. Notice servod 
by Dn^Aiiy. ^ * " on owner March 26, new drain to be constructed and" cottage thorooply 

" cleansed." Mr. Stokes informs me that he had strict orders from tlv! 
Guardians not to go in the first instance, and that they had given tb*' 
Relieving Officer power to supply disinfectants or anything else that wis 
required. 

Considering the isolated position of the Farrows' cott^, the severity 
of the disease in the case of Mrs. Waylett and Mrs. ij^rrow, anil tk 
inclemency of the weather, it was doubtless best to keep them wher-. 
they were ; indeed, the Medical Officer, Mr. Sanders, never recommendftl 
their removal ; but with regard to the rest of the family the case wi< 
quite diflferenf, they were without proper accommodation, and they miglit 
properly have been removed, and not have been allowed to remaiii. 
crowded with the sick, under such unwholesome conditions as I k^' 
described. The Guardians refused the use of the workhouse infet:tiour 
wards for the reception of any of the family, and there is no ofber 
isolation hospital in the distnct. 

This was a case in which the advice and supervision of an acti^- 
Health Officer could hardly have failed to be of service. The Ongir 
Union is without a Health Officer. 

The whole occurrence shows the need of an infectious hospital ancorr 
nected with the workhouse, with a properly qualified nurse, readj t>^ 
receive a few patients at an hour's notice. 

It is to be regretted that Mrs. Waylett did not submit to be vacc- 
nated. Her life would certainly have been saved therebj. Mr. Sander 
offered to vaccinate her, but she objected, saying that she had no fear 
of small-pox. There was no question of re-vaccinating Mrs. Farrow, 
for she already had the eruption of small-pox upon her when Mr. 
Sanders first perceived the real nature of the disease on February 23ri- 
The elder sons also had already had it ; and Mr. Sanders regai-ded ibt 
younger children as being sufficiently protected. 

Retuining now to the first case, that of William Farrow ; up to th-^ 
18th of January, a day which is everywhere remembered as the dBT<'! 
the great snowstorm, he had been at work, land-draining, at BarltrB; 
Side, along with other labourers, 40 or 50 in all, who came from varioL' 
places in the neighbourhood. The great snow-storm of Jaauary l^t^ 
put a stop to the work, and William Farrow remained at home f or U' 
days. On Monday, January Slst, he resumed work, though suffenn; 
from sore-throat, and continued at work through that week and for t«o 
days of the next, finally giving up on February 9th. Allowing ai 
incubation period of 1 1 or 12 days, it seems probiible that he coDtweted 
the infection of small-pox about January 28th or 29th, while he vi; 
staying at home out of work on account of the weather. I questionc- 
him as to his doings about that time, but he declared that he had ni-t 
been away from the hamlets He did not remember meeting any oc^ 
with " pimples " on face or hands, though he remembered while in*'^ 
the public-house a quarter of a mile from his home seeing a womiQ* 
tramp outside who complained of feeling ill. He could not say on wh^J 
day this hap[>ened. Going back to the time when he was at work s* 
Barking Side, he remembered that some of the men employed there h.!*' 
left work ill, but did not remember that any one who worked near hin» 
had been ill. No second-hand clothes or other suspicious articles l*'*'' 
been brought to the house. 

If small-pox could be contracted from a person in whom the di?€*^^ 
was still in the incubation stage, we might take it for certaio ^^* 
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Frtderick and his father had caught the infection from William ; but if App. a. Xo. i4. 
tlii.s cannot be admitted, we must supiK)5;e that they all owed their On nn Ou7bna:. 
infection to some commoo cau^^e which was operative over a space of at ^'^ '^"'*1 ';{'*'*, fl 
least nine days. For example, it is possible that the clothes of home by Dr.* a i 
members of the family may have become infected by nnnoticecl contact 
with some person who had small-pox, and may »o have become a r«tanding 
source of infection at home. But there was no trace or recollection of 
imy such occurrence. 

As to a soggeetion of the disease being in some way caused by some 

diseased sheep. — The facts were these : — ^A flock of seven sheep was kej>t in 

the meadow in which the Farrows' cottage stands. The meadow was 

flooded with rain and melted snow, and one of the sheep, trying to reach 

the shed adjoining the cottage, fell into a ditch and was drowned. This 

iTas on a Satmtiay, January 29th. William Farrow was at home at the 

time, and assisted in skinning the sheep. Several of the family partook of 

the boiled flesh of a leg and a bhoulaer. William only had a mouthful 

of it, but says that it was quite good to tasto. His father and brother 

partook of it freely, llie owner of the sheep, a Mr. Wriglit, of Havering, 

took the rest of the carcase home and had some of it cooked for dinner 

next day. None of his family sickened. We miss here the significant 

Tthenomenon of simultaneous attacks in several persons under the same 

conditions. There was no apparent sign of disease about this sheep ; but 

some of the others were sickening about the same time with what was 

rKognieed by Mr. Wright's horse-keeper, as liver-fluke. Their wool came 

ort'. they lost flesh, seemed blind, staggered and fell. One of them died on 

rhe day when William first had the eruption of small- |>ox upon him 

i^reduesday, February 11th). The carcase, after being skinned, was left 

lying close by the end of the cottage, until it stank. It was paii ly devoured 

hj (logs. (The dogs have shown no sign of disease.) The owner did not 

remove it, and at last the Farrows buried it in the meadow. William was 

ill at the time, and did not take part in this act. About a week later, 

.'tnother sheep died in the same way, and was left stinking near the shed, 

.iu"^t at the time when the father, Samuel Farrow, lay ill with small-pox. 

>fTibsequently two more died, after Samuel Farrow's death, and while 

Mi-s. Farrow lay ill. These last were more expeditiously buried. Thus 

live out of the seven sheep had died, one by drowning and four by disease. 

1 saw the two survivors ; one of them, which was manifestly ill, was 

' anirht and laid on its back to be examined. There was no obvious sign 

of disease on the skin, except that the wool came off* easily, making the 

iiJifrnal look patchy and ragged. 

Tlie two surviving sheep were seen by a veterinary surgeon, Mr. 
Xicholfcon Almond, of Ongar, who has courteously informed me that in 
his opinion one was "suffering from * rot * or that disease of the liver 
tansed by * fasciola hepatica.' The other was apparently healthy.*' 

We may certainly assume that the diseased sheep all Hutrerecl from the 
same disease, and tnisa disease which could not be sap|X)sed to have given 
rise to the outbreak of small-pox; and the agreement of the date of 
'hnwning of one of the sheep with the probable date of William Farrow's 
i!Ke])tion of small-pox can only lie regarded as a coincidence. 

The only persons, beside the Farrows, who had anything to do with tho 
-hoep, were Mr. Wright, his two sons, and his horse-keeper. None of 
tiiese persons have been ill. 

It would seem that for the actual cause of the outbreak we must lo )k 
to some unnoticed contact with some person or article not known lo bo 
i/)/ccted; or else to some wholly unsusi^ected channel of infection. 

At a subsequent visit to the district, on April 14lh, I learn 1 ihai 
ii:iurher case of small-pox had recently occurred at another house in tue 
sMine hanolet. Tho person attacked was Elizabeth Woolmore, the Wifo 
('/ James Woolmore, a labourer. Tlie family owing to this attack was 
thrown On parish relief, and had been vis^itcd by the Kelieving Olliccr. 

o 2 
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Apf. A. Xo.14. It did not appear that the Inspector of NuiBances had vibit^ tlic 

On an OutbTeak cottage. „ ^ . , 

of Small-pox at Pi-oceedinoj lo Bourne Bridsre, I found the Woolmores (husbaoa aw 
by Dr. Aio'T^ ' Wife, and two boys aged 8 and 5 years) with a trained nurse, Ann 

Judd, (who had been called from Chelmsford by the Believing Officer) 
occupying one half of a double weather-boarded cottage, by the road 
sidfv on the slope of the hill 200 yards to the weat of Uie Farrow!«* ml 
about 30 feet higher. In the other half of the cottage was a famQy 
named Lane, (husband and wife and seven children aged 16, 13, 11, 9, 
6, 2^, and 4 months). 

Iilrs. Woolmore first felt ill on Sanday, March 27 : the eruption vu 
first noticed on Wednesday night, March 30. A private medical mto 
had been sent for and came on the 29th,^ while the nature of the disea^ 
was still uncertain. He was again sent for and came on the 31st, as did 
also the Relieving Officer. Next day, April 1, the newly appointed 
District Medical Officer, Mr. Douglas, took charge of the case ; and oo 
that day the Relieving Officer sent to Chelmsford for a nurse, who came 
on April 2. On April 1 the infant of 4 months in the Lane's family vas 
taken to Mr. Sanders and vaccinated in four places, producing foar 
typical vesicles; and on that day week, April 8, Mrs. Woolmore'.' 
husband and the younger of their two children, together with the whole 
family of Lanes (except the child aged 2^ years, who was judged to be 
sufficiently protected), were re-vaccinated by Mr. Douglas from the arm 
of the Lanes' infant. The elder boy, Joseph Woolmore, aged 8, wi" 
not re-vaccinated: he bears four good scars of primary vaccinatioa. 
The younger boy, Edward, aged 5, shows three smooth very faint scarN 
so faint as to be uncertain. His recent re-vaccination has produced one 
small compound vesicle and a string of four small separate vesicles. 

James Woolmore, the father, shows one faint scar of primary Tacd- 
nation, and two small vesicles produced by the re- vaccination. 

Mrs. Woolmore has two fair primar}' scars. She remembers three. 
Possibly one may have been obscured by the small-pox eruption, wbicb 
was confluent on her face and fore arms, and pretty thickly scattered 
elsewhere. 

The nurse, Ann Judd, bears old marks of small-pox on her face. 

Up to the 7th day of the re- vaccination, (April 14), when I saw tlefe 
families of Woolmore and Lane, there had been no sign of any farther 
spread of the small-pox ; and I have since learnt that no fresh ca^ li^* 
occurred up to April 22Dd, by which time it might be assumed that 
they were out of danger. That none of them contracted the infection 
from Mrs. Woolmore before their re- vaccination took effect, roaj 
reasonably be attributed to the protection conferred by their primarr 
vaccination. 

Mrs. Woolmore's was a severe attack, but when I saw her, on tk 
18th day of her illness, she was recovering and was able to lift her>ell 
and sit up in bed. The scabs had come off her face, and were coming 
off her upper arms, but still remained on the fore-arms. 

As regards the origin of the infection in this case there can be littl" 
doubt but that it was somehow derived from the older infection-colon v 
at the Farrows' cottage, 200 yards away ; but the mode of convej'anc^ 
of the infection was obscure. No person was known lo have pasKi^ 
between the Farrows' and the Woolmores'. Mrs. Woolmore her>elf 
went out charing at a house further to the west, awny from the Farrow*', 
where there was no danger of infection. She had not been alimg ih** 
road which passes nearest to (100 yards from) the Farrows' cotta*?N 
except on Sunday, March 20, a week before she was taken ill. Shf 
was very timid of infection, and had done her best to keep out of th' 
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way of it. The populiur belief was that fthe had '^frigfateDf^ herself app. a. No. ii. 

into it." OnwiOuTbrnik 

Her husband y while speaking of the deaths at the Farrows' cottage, of Mnmii-Poi m 

remarked that there was " a rare smudge up this way when they burnt hj^Sr^jS^'^ ' 

" tbem clotheH. The wind lay right op from there. It smelt ho bad« 

" we came in." Mr?. Woolmore also had spoken of the ofiensive smell 

of the burning clothes. This burning took place about 6 pan. on the 

evening of the day when Mrs. Waylett died, March 14. Mrs. Wool* 

more was taken ill on the 27th, after an interval which corresponds 

pretty closely with the usual incubation period of small-pox. The 

statement of Mr. Woolmore as to the direction of the wind on March 14 

h borne out by the wind-record at Greenwich Observatory, as published 

bv the Registrar-General in his Weekly Report. The record for that 

afternoon gives the direction of the wind as ** E., E.N.E. and N.E." 

(The Woolmores' cottage lies to the west of the Farrows*.) There had 

b^n a previous burning of bedding on February 2f>, three days after 

Samuel Farrow's death; but on that day the wind lay in another 

direction, " S.W., S.S.W., S.S.E. and E.S.E.," and no ofience was 

given to the neighbours westward. 

It certainly seems highly probable that Mrs. Woolraore*^ infection was 
(]u^ to some dispersion of small-pox poison occuiTing in connexion 
with Mrs. Waylett's death. The Relieving Omcer (Mr. Thompson) 
intorms me that Mrs. Waylett died at 1 1 a.m. and was buried under 
bis direction at 7 p.m. on the same day, the 14th of March. He says 
^ the coffin was taken in an opposite direction to Woolmore*8 cottage, 
^ !>., down the hill, and not to my knowledge had Mrs. Woolmore 
^' y>een In contact with any linen, &c, that had been used in the case of 
'' Waylett." 

There remains no mode or medium of infection upon which suspicion 
can be fas^^ned, except conveyance by the wind, over a distance of 
2(K) yards, of infectious matter derived possibly from the ventilated 
rick -room, possibly from tlie clothes or bedding as they were brought 
(•lit to be burnt, or as they were burning, or poapibly from the dead 
hody in the act of removal. 
May 1881. 
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App. a. No. 15. 

On an outbreak 
of Small-pox 
timoiig Biaff- 
sorters ; by 
Dr. FarsoiiB. 



No. 15. 

On an Outbreak of Small-pox among Kag-sortkbs at the St. Mart 
Cray Paper Mills, and on the Precautions which can be taken 
for preventing the Spread of Infection fi-orn Rags; bj Db. 
H. F. Paksons. 

In April 1881 a sudden and extensive outbreak of small- pox occurred 
in the neighbourhood of St. Mary Cray among women employed u ra* 
cutters at Sicssrs. Joyuson and Sons* |)aper mills at that place. A repc»it 
by Dr. Baylis, Medical Officer of Health of the West Kent combicei 
district, indicated the probable source of infection to be in the rags b 
process of manufacture at the mill. 

An inquiry was ordered by the Local Government Board, withavifv 
especially to ascertain whether any precautions could be taken to prevent 
the spread of infection by means of rags. Dr. Ballard, who was engaginl 
at the time on another investigation, has furnished me ^ilh some 
valuable notes on the questions involved, of which I have availed myft-li' 
in the second part of this report. 



Part I. — Outbreak of Small-pox at St. Mart Crat. 

Description of Mills and Processes, — ^The mills of Messrs. Joyn&on ami 

Sons, the well-known paper makers, are situated at St. Mary Cray, Kent, 

in the Bromley Rural Sanitary District. They employ several hundj*e«l 

bands, who work in spacious and well-ventilated rooms. The busine?^ 

consists in the manufacture of the finer qualities of writing i)aper, ibe 

materials employed being rags and the clippings of paper from envelope 

makers. The rags are of the finer classes, the lowest being what an* 

termed in the trade " outshots." Some are of foreign origin, a portira 

of which come over ready cut ; others are obtained from rag merchant 

in England, and a few from local collector on the small scale. No nu* 

had, however, been bought of local dealers since August 1880. Tb? 

rags before sorting undergo a preliminary dusting, a pi'ocess not in it*' 

at all mills. The " rough- duoters " are large revolving cylindricai 

sieves, with pegs on the inside which repeatedly catch up the rags anti 

let them fall, thus knocking the coarser dust out of them. Tlu^'^ 

machines are enclosed in wooden boxes, at the bottom of which the du>t 

accumulates. They are placed in what was formerly a recess of tl> 

rag-porting room, but which, since the outbreak of small-pox, has, bv 

the advice of the Medical Officer of Health, been partitioned off from 

it, communicating therewith only by a door and by the outputs of tbf 

dusters, which are guarded by canvas screens. It is stated tliat much 

dust from the rough-dusters used to pervade the rag-house, but thft 

since the partition has been erected the amount of dust in the air ha^^ 

been considerably reduced. The rag-house is a large shed whh an iroL 

roof in three spans, supported by rows of pillars. It is ventilated bv 

openings along the crown of each span, and also by a series of lourres 

near the ground level, opening into another shed, along the whob' 

length of the side opposite to the dusting machines. In the rag-houn' 

about 1(50 women (two-thirds of whom, it is estimated, are under 

30 years of age) are employed in sorting and cutting up the rag> ; 

there are in addition about three men^ who are employed as foremen* or 

in conveying rags from one part of the building to another. Tl»e 
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I.iiticed tables or "hurdles" at which the womt^n work are arran<rod in App. A.No. u, 
double rows with passages between them ; each double row having a On nn otit brook 
jiartition along the middle, on either side of which the tables are ^Lon^'a!*"* 
arranged. On each table is fixed a large scythe-like blade in an ui»right sorurs; hy' 
fiosition with its ed^e away from the operator. Each woman has to ^* l^»^n«. 
fttch rags for herself from the duster in twiskets. Standing at her table 
she takes the rags one by one, and after removing button**, seams, &c., 
cuts them in pieces and throws them into a bin that Itas separate 
compartments for each quality. 

After having been cut, the rags are placed in an apron, ;>., a kind of 
elevator with two endless bands which revolve side by side carrying the 
rags between them, by which they are conveyed from the rag-hou^e to 
a room on a higlier storey, whore they undergo a second and more 
thorough dusting, passing first into the "willow" (a machine with 
prongs levolving in opi>osite directions), by which they are threshed, 
anil then into a revolving cylinder similar to the "rough duster."* 

After this second dusting the rags are conveyed in barrows to the 
njfj boilers. These are large cylinders laid horii5on tally, and revolving 
round their axes. Each cylinder has on one side a manhole capable of 
Ijcing closed with a tightly-fitting lid ; each is also provided with a pipe 
for tlie admis^sion of high-pressure steam, and another for the escajH* of 
air; thetfc pipes enter by the axle but do not turn with it, and are \yoni 
>o that the former reaches nearly to the bottom, the latter nearly to the 
top of the interior of the cylinder. 

The cylinder l)eing brought round to such a position that the manhole 
i> upi>erraost, and immediately under an opening in the floor above, a 
cljMrge of rags is inserted, water and caustic soda added, the lid fixed, 
the cylinder made to revolve, and steam admitted until the ra^s are 
sufficiently boiled. 

It may betaken for granted that no morbid infection which the rags 
may contain can retain its activity after exposure to prolonged boiling 
'iTiil the action of caustic alkali, and it is therefore unnecessary to follow 
the process of manufacture further. 

Outbreak among Rap Workers. — It is stated by some of the oMer 
hands at the mill that small-pox occurred among the rag cutters there 
about 20 years ago ; no mention of this outbreak, however, is made in 
Dr. Bristowe's "Report on the rag trade in relation to infiH-tious 
•Urease" in the Eighth Report of the Medical Officer of the Privy 
< "ouncil (1866), although Messrs. Joynson's mill is there allude<l to. 
No cases of small-pox are known to have occurred among the work- 
[rf^opie of late years until the middle of April in the present year ( 1881 ), 
when a number of persons engaged in the rag-hou=e were taken ill 
\\itliin a few days of each ot^her. There was no concurrent outbreak 
among persons unconnected with the mill. 

» 

* A rough analysis of three saiiiples of rag dust showed its composition to be in 
luo pftrts— 

Moistare (dried at 212°) - . 6 

Organic matter (mostly vegetable fibn*) - - 74 

Mineral matter (mostly silica) - - - 20 
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< 'f the three samples two were from the ** rougli ilnster^/' one bfiu/r the refuse of 
fine, the other of coarser rags ; the third was from tlie " finishinp diister." Althoii/rh 
'iiff».ring considerably in finenet«s and colour, their general ohemical compONition Ma-* 
?»!n:ost identical ; except that the dust from the finishing duster contained a sli^'htly 
i trger proportioii of mineral matter. 
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App. a. No. 15. From a list of the cases with Tvhich I have been f arniKbed by 
OnnnoutbPeiat ^^' Baylis, it appears that 25 cases began between April 16th and 

April 23rd, the appearance of the eruption being taken as the date of 

commencement, viz., 
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April 9th 
April 16th 
April ITth 
April 18th - 
April 19th - 
April 20th - 
April 23ra - 
Exact day not given - 



1 
1 
4 
2 
12 
2 
1 
2 

25 



The length of the period of incubation in small-pox being venr 
generally 14 days, it would appear that the above-mentioned cases^ or 
most of them, could not have contracted infection from others preYiotLfrlv 
aifected, but that their illnesses must hare been due to a cause or caasc^ 
acting simultaneously, or nearly so. - The fact of almost the irhole of 
the patients having worked in the rag-house either as catters or is 
Attending to the ** apron " and " dusters,". the workers in other rooms d 
the mills being, with one exception, then unaffected, shows that the 
source of infection was in that pnrticular room. What was this source r 
To tins question only two answers seem to suggest themselves as possible. 
Either (I.) the infection might have been derived from some person 
present in the room, or (II.) it might have been brought there m tbe 
materials operated on. 

(I.) On this point, the result of my inquiries^ as well as those of Dr. 
Baylis, was that no person suffering or having suffered from small-pox 
is known to liave been in the room before the first case occurred ob 
April 9th. The possibility of an extremely mild modified case of small- 
pox having esoiped notice has of courae to be taken into account. There 
were, indeed, a lew other cases in the district prior to or about the time 
of the outbreak at the mill, all of which could be traced directly c? 
indirectly to infection from outside the district. The following are tb** 
particulars of these cases : — 

1. Agnes P., 19, domestic servant, St Mary Cray ; eruption, March 

eth. Had been in London (Old Kent Road) for three days a week 
or two before. Removed to hospital March 11th. 

2. Ann P., 7, sister of last. At home with her when she was ill ; taken 

ill a month later, and removed to hospital on April 14th. 

3. Gr. C, a tramp, presented himself to the relieving officer at St. Mary 

Cray, on April 11th with the small-pox eruption newly oat npon 
him. He had walked from a farm about three miles distant where 
he had slept for three nights in an outbuilding, having previonslf 
come from Deptford. He was sent into the union hospital, where 
he remained for a fortnight, when, being wanted by the pc^ioe, he 
absconded, and has not since been beard of. 

4. Mrs. J. 0., 41, Sidcnp. Taken ill on April 22nd, three days after her 

arrival in district from Deptford. 

The only communication between any of the above cases and the mill, 
so far as could be learnt, was that a cousin of 1 and 2, liviog in tbe 
same lane, and who used to play out of doors with other members of tbo 
family, but had not been into tho house, worked at the mill, bat not in 
the mg-house, and that a girl working in the rag-house, who did not 
have small-pox hernelf, had visited Ann P. on April 14th, the day tliai 
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she was removed to the hospital, unci perbaps on other previous ocea- AFr.A.No.u. 
sions. The foreman states that the earliest cases of smalUpox were onanmi^rakk 
jouDg people who were in the habit of Hi^sociatiug with this girl in the dSmaU^pOT 
dinner hoar, though they did not work near her. Among these was a !S?i^f^ 
prl E. F^ who was taken ill on April 9th. This girl, who lives at ^' I*»™»». 
Orpington, had not been awaj from home for some time previously to 
the outbreak, and had not been herself in communication with any cases 
of small-pox. There is some discrepancy as to the exact date of her 
illness. 

The circumstances above-mentioned can hardly be considered sufficient 
to account for the outbreak, its date and sudden character being taken 
into consideration. 

(II.) It seems more likely, therefore, that the source of infection is 
to be looked for in the rags upon which the persons affected were work- 
ing. Suspicion at first fell upon a particular sample of foreign rags, 
which it was reported were o£ a dirty and offensive character, ^containing 
poultices, bandages, and a stocking fouled with human excrement, the 
inference being drawn that these rags were the refuse of a hospital re- 
ceiving soutll-pox patients. Further inquiries did not substantiate the 
C'A^ Against these p^rticulacL rags. ,The rugs in question, which had 
come from Trieste, had been in stock 12 months, and had been in 
cutting on and off for nine months before the outbreak. I am assured 
hy the manager and several of the overlookers that although not of the 
cleanest class, they were not more foul than Engliiih rags of the same 
sort, and that there was nothing about them to lead one to suppose that 
thej had been used by the sick. On inquiring of the womeu who had 
complained of the quality of the rags, all that I could learn was that they 
had a peculiar smell, compared by one witness to paraffin oil, and that 
the stocking above mentioned had been found among them. It is stated 
that there is a prejudice among the cutters agaiust this particular 
sample of rags, as they are dry and dusty, nnd less readily cut than 
English rags, so that less money can be earned working upon them. 
Ponltices and bandages are, I am told, occasionally fotmd in all rags, 
hut the cutters are not obliged to cut any rag to which they may object ; 
i<uch rags are laid aside, and at the end of the day are removed to the 
lit Ids for use as manure. It may be added that {poultices and bandages 
Hie not applications of common use in the treatment of small- pox; that 
surgical cases, such as would be the most likely to want poultices and 
hn ullages in their treatment, are not commonly treated in the same 
lio^'pitals as small-pox ; and that in all well-regulated small-pox hospitals 
infected rags are burned, or at least thoroughly disinfected before being 
di^poseii of. Of the cutters affected with small-pox, only four had cut 
any of the foreign rags within 14 days before leaving. The other rags 
in use at the time ^ ere English rags collected at London, Bristol and 
other places. The manager states that they had had large quantities of 
rags of late from London (where it will be remembered that small-pox 
has been extensively prevalent for some time past), and that their stock 
of rags being then low, these had come into use unusually quickly. He 
thinks that probably rags would never come to be worked up in less 
than a month after they were ca-^t off. 

It seems, therefore, that, assuming the infection to have been con* 
v( yed by rags, it is quite as likely, or more so, that the infected rags 
were of home as of foreign origin. 

As regards the mode of reception of the infection, it api)e.'irB probable 
that it was communicated by the inhalation of infectious dust rather 
than by the mere contact of the hands with the dry rags. Dry small- 
pox matter is little likely to be absorbed by the uninjured i^kin, but there 
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Apf.a.No.15. can be no doubt that deposited in the form of dust upon tbe mol^t 
Onancotbreok XI1UC0U8 membrane of the throat and air passages, and inhaled into the 

lungs or swallowed with the saliva, it is under conditions most favour- 
able for absorption. The dust is given off both in the dusting macbict' 
and in the handling and tearing of the rags bj the individual workers. 
Stibsequent Outbreaks. — The patients first affected with small-pox 
were for the most part removed for treatment, as soon as the oatiuv o! 
the cases was manifest, to the union hospital, but some were treateil ur 
their own homes. After April 23rd, during an Interval of 12 day?, : • 
fresh cases occurred, but on May 2nd to 7th a s»econd batch broke out, 
and after another interval of nine days a third batch. The dates oi 
eruption of these later cases were : — 

May 2Dd - - - - - 1 

May 3rd - - - - - 1 

May 4th ----- 2 

May 5th - - - - - 3 

May 7th - - ... 2 

9 

May 16th • - - - - 4 

Of the cases in the second batch only four had worked in the n:- 
house or about the dusting machines. The remainder either did i^' i 
work at the mill at all, or worked in other departments, but they belonpl 
to families in which cases of the first batch had occurred. Of the fo<:i 
cases on May 16th, two worked near together in the paper-making rooic. 
the other two had not been at the mill for a long time. In the k*'. 
batch of cases the disease was probably contracted by personal communi- 
cation with previous cases, either at the mill during meal times or a 
home, as the parties lived near together. All the cases of the seio:il 
and third batches probably owed their origin to direct infection fr^'S 
previous cases, and not to infected rags. 



Part II. — General Considerations. 

Frequency of Infection by Rags. — ^Dr. Bristowe, in his report bef^r- 
mentioned, after visiting 86 paper mills scattered in different part.* -'.' 
England, arrived at the conclusion that small-pox and other infection- 
diseases were very rarely introduced into paper mills by rags, but at iL- 
same time that their introduction was possible, and occasionally did tak' 
place. In a supplement he gave particulars of several instances c'* 
emall-pox attacking rag workers in paper mills. 

During the progress of the present inquiry, this Department ba' 
received information of a small-pox outbreak, similar in character to 
that at St. Mary Cray, at a paper mill at Maidstone in April 1881, aci 
also of fonr recent cases, one in the Oakworth Urban, two unconnect* i 
with each other in the Holywell Rural, and one in the Shaftesburr 
Urban District, in which a person working on i"ags has been attacktr^i 
with small-pox, no communication with any previous case being dl-- 
coverable. Particulars of these cases are appended to this rejH>ri 
(page 121). 

Other similar cases are recorded in the following annual reports 
Medical Officers of Health : — 

Linton Rural vSanitary District, 1875, by W. Armistead, M.B. 

Canterbury Urban Sanitary District, 1875, by H. E. Hutchings. 

Mulling Raral Sanitory District, 1870, bv C. O. Baylis, M.D. 

Bradford (Yorks.) Urbin Sanitarv District, 1879, bv H. ButterfitM. 

Taunton Rural Sanitary District, 1880, by H. J. Alford, M.D 



f>i 



Ill 

Wakefield Rural Sanitary Distriot, 1878, by W. Dyson Wood. Arp.A,lfai5 

Maidstone Urban Sanitary District, 1880, by M. A. Adams, onanouthreak 

Watford Raral Sanitary District, 1880, by C. E. Saunders, M.l>. sorters; by' 

SD)alI-pox, attributed to rag infection, has also occurred repeatedly al ^'* Panom. 
the Woodside paper mills, near Aberdeen. 

In all these cases small-pox has been the disease of which the origin 
Iku^ been attributed to rag infection. This coiDci<les with the opinion of 
Dr. Bristowe that small-pox is the foim of infectious disease most likely 
to \)e carried by rags. 

The possibility of persons engaged in the rag trade contracting 
inf nation from rags is admitted by foreign writers. 

Tardien (** Dictionuaire d'Hygiene," Art. Chiffoniers) mentions itch 
lb the disease to which rag-pickers are especially liable. 

Pajipenheim (" Handbuch der Sanitatspolizei," Art. Lumpenin-^ 
f/ustrie) speaks of persons engaged in the rag trade as coming in 
coiitact with contagia of all kinds. 

M. Gibert, of Marseilles (quoted in " Revue d'llygiene," July 1879, 
p. .596) has shown that small-pox and other infectious di incases have 
im\uent\j been caused at that town by the rag trade, inland and foreign, 
;iii<l by the sale of garments used by the sick. He quotes also the 
-iiiiilar observations of M. Oidtmann, of Leipzig (" Gesundhcitswacht," 
1^77), and of Dr. Lewis, of Wartentowu, New York ("Marseille 
Mi'dical," Nov. 1875). The latter author considers that not only small- 
[toXy but other eruptive fevers have been transmitted by rags. 

M. Van de Velde, of Antwerp (" Annales d'Hygiene," Sept. 1880, 
p. 272) admits the transmissibility of contagious diseases by articles of 
<'lothing coming from the sick, but states that no epidemic has ever tK»en 
caused in Belgium by the unloading, transport, or working of the 
foreign rags from all countries, which are imported there on a vast 
sjule. 

The " Revue d'Hygiene" of May 1880, p. 439, mentions an outbreak 
of small-pox at Abenheim, in Rhenish. Hesse. The first cases were five 
women who worked in a rag factor}", cutting and sorting rags. These 
Tu<^s were found to have come from Marseilles, where small-pox was 
raging at the time. 

• M. Rnysch, of Maestricht, informs the same journal (loc. cit., and p. 
748) that in 1878-80 he observed many cases of small-pox among the 
workwomen at a paper-mill who had handled rags coming from certain 
I>laces in Belgium where small-pox prevailed epidemically. 

A peculiar disease has been observed among rag workers in Lower 
Austria (" Revue d'Hygiene," 1879, p. 79), attended with lesions of 
cLe lungs and being rapidly fatal. It is said only to attnck those working 
on white rags. 

It may be asked how it is that infectious diseases arc not more 
frequently conveyed by rags. Dr. Bristowe suggests the following 
considerations in reply : — 

1st. Hospitals in which infectious cases are treated do not, in this 
ooantry at least, sell their infected rags, and in private households it is 
only among the ignorant and careless that such articles would be allowed 
to pass into the market, since to do so is now a breach of the Public 
Health Act. 

2nd. Before the rngs reach the paper mills they have l)ecu sorted two 
or three times and exposed to the atmosphere, and have thus lost some 
<jf the deleterious qualities which they may have originally possessed. 

3rd. The preliminary dusting which rags undergo in some mills 
must tend to deprive them of any infection which they may have 
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retained, unless the dnst shaken out of the rags be allowed to diffu<)e 
itself in the air of the workroom, in which case it would favour the 
spread of disease. 

4th. It is only during the preliminary stages of paper making that 
danger can exist. The boiling and chemical treatment to which the rs^^ 
ader cntting are subjected render them in the later stages of mano* 
facture quite innocuous. 

To these I may add — 

6tb. The rags are usually kept a considerable time in stock before 
use, 80 that many months must cocnmonly elapse, especially in the i»^ 
of foreign rags, between their being cast off and their coming into tlie 
cutters' hands, and, judging from the analogy of vaccinia, any infective 
matter which they may contain may be expected to lose activity bj 
keeping. 

6th. Only one class of paper mills incur much risk of infection beln^ 
introduced into them by rags. These are the mills where the finer 
classes of paper, as writing paper, are manuEactured. Brown paper &d<1 
other coarse papers are made of old ropes, bagging, and other materials 
not likely to be infected. It is true that the dust which is shaken out 
of the i*ags of which liner papers are made is commonly sent to the 
manu&cturers of brown paper ; but this item is comparatively trifling 
in amount, and it does not undergo any manipulation. Printing papen 
and inferior writing papers are made of straw, wood, esparto gras?, ^c, 
with a certain proportion of rags according to quality. Thus, in mill:* 
where the coarser kinds of paper are made the chances of rag infeetioo 
would be comparatively small.* 

7th. In any case the proportion of infected to uninfected rags mo.^ 
be very small, and seeing that the majority of rag workers are probably 
more or less efficiently protected against small-pox by vaccination, and 
against measles and scarlet fever by previous attacks in childhood, it 
will be comparatively rarely that an infected rag comes into the hands of 
a susceptible person. Even should it do so, mere contact with iha 
unbroken skin, as before remarked, would probably not convey the 
disease. 

It is considered by piiper manufacturers that the fumes of di1oriD(\ 
sulphurous acid, &c., with which the air of a paper mill is often impreg- 
nated, have a disinfectant effect. It is not probable, however, that such 
gases can exercise much (if indeed, any) effect in destroying infecti^v 
matter unless they are present in the air in such a state of concentration 
as to render it irrespirable. 

It is not only the workers who come in contact with rags in paper 
mills who are exposed to infection. Persons engaged in the prelimi&arj 



* The following classification of paper mills m England and Wales in ISSOb 

taken from the " Paper Mills Directory," 18S1 :^ 

Mi]l« making writing papers (hand-made) - - - 23 

writing papers (machine-made) - - 31 

writing papers (engine-sized) - - - 20 

printing and news - • - - 74 

long elephants - - * • ^16 

cartridges - - - - - 45 

grocery papers white and coloured - > 56 

small hands - - - - - 47 

brown papers, all kinds - - - 159 

milled boards - • - - - 15 
The total number of mills at work in England and Wales in l^SO was 297, man^ 

mills making more than one class of papers. The tendency, however, is said to be to 

restrict the nimfiber of sorts made at each mill, and to settle into fewer and regular 

kinds. 

Thus the mills where the finer classes of writing paper are made form hot \ 
•mall proportion of the whole number. 
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sortings which rags undergo at the hands of collectors and rag merchants Atp. a. Ko. Ub 
(.*ome of whom emploj large numbers of hands) may also suffer, as in oaMiwUbwA 
the Wakefield cases referred to. Indeed, it might be supposed that ofSmaiHMK 
:<uch persons having to do with the rags nearer to the source would be JSrtSSfby 
ei^'posed to more risks tban the cutters in paper mills. That they do not ^* Ptnom, 
suffer more is probably due to the manipulation which the rags undergo 
in their hands being less than that by the cutters. 

Precautions, — Under this heading several questicHis arise. 

I. What measures are available, in the way of disinfection or other- 
wise, to prevent the spread of disease by rags ? 

II. Are there any particular classes of rags in respect of which it is 
especially desirable that such measures should be adopted ? 

III. Should such measures be made compulsory, and if so, upon 
whom sthould the onus fall ? 

I. What measures uf precaution are available to prevent the spread of 
^Ii^ea»e by rags ? 

The measures which have been adopted or recommended fall under 
the following headings* : — 

A. — Vaccination , 

B — Ventilation and prevention of dust. 

C. — Disinfection of rags. 

A. — As regards small-pox, which it would appear is the disease most 
liable to be introduced by the agency of rags, we have in vaccination an 
obvious and efficient protection. It should he made a condition of 
employment at paper mills and rag warehouses that every new hand 
i^hould be v ccinated or revaccinated as the case may be, unless he have 
already been revaccinated since puberty. Old hands should also be 
urged to avail themselves of this protection if they have not already done 
so. 

B. — Since there is reason to believe that infection is conveyed into 
the human system in the fonn of dust, any measures that will diminish 
the dustiness of the air will tend to prevent the spread of infection, as 
well as to benefit the health of the operatives in other ways. Ventila- 
tion of the work rooms should he carefully attended to. The bales of 
rags should, if possible, be unpacked in the 0|)en air. A preliminary 
diLHting of the rags is to be recommended, but the dusting machine 
should be so placed that the dust will not tiy into the workrooms. In 
some cases a ventilating fan may be useful to draw off the dust from the 
machines. 

C. — Bags in their conversion into paper undergo two processes, either 
of which would effectually destroy any infectious matter which they 

* The following concliiAioQs were adopted by the AtuKembl^ Nationale Scienti- 
fiqiie d'Hjgidne et de Mcdecine Fubliqae He Bnizelles in 1880 :«— 

1. To recommend the public not to nell clothing or bedding which have been 

used by patients suffering from infectiouH dit«ea$tes without having had 
them conscientiously disinfected. 

2. To forbid hospital establishments to sell old clothing or rags which have 

been used by the sick, and to compel snch articles to be burnt. 

3. That police regulations should be issued forbidding the storage on the small 

scale of rags unless washed and disinfected. 

4. That only such rag stores should be tolerated as are situated in proper 

positions, and comply with hygienic requirements. 

5. That rag stores, however small, should be classed among offensive and nosious 

establishments. 

6. That paper mills, and especially those in which the sorting is done in the dry 

state, should be compelled to submit the rags to suitable disinfection, and to 
maintain in the rooms thorough ventilation. 

7. To collect exact statistics of the mortality among rag-workers. 
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3.PP. A. No. 15. might contain, \\z»y boiling with caustic soda at a steam heat^ m\ 
On an outbreak bleaching with chlorine. If either of these processes coald he made t«» 
of Small^z precede the sorting, the desired end would be attained, but unfortun&teh 
sor^fbf' manufacturers state that this is impracticable or at least would seriously 
Dr. Parsona. interfere with their operations, for the reason especially that wetting 

the rags would fix the dirt in them so as to prevent its being shaken out 
in the dusting machine. 

If so, it foUows that if disinfection of rags previous to sorting U 
deemed desirable, either generally or in any particular case, some prt^ 
oess must be adopted for that special purpose. 

In oixler for any disinfecting process to be applicable to rags, tbt- 
requisites are, that while effectual in destroying any infrctiotts matter 
that may be present it shall not injure the texture of the rags, u or inter* 
fere with the subsequent processes of manufacture, also that it shall Ik* 
cheap, and shall not necessitate much handling of the rags. For tb*- 
reasons above given, any processes involving the wetting of the rag?, fc 
boiling or the use of liquid disinfectants, are considered inapplical 1«. 
Some manufacturers say that the colour would be likely to be injnml. 
but all agree that the rags would require to be dried before sortiog. 
which would involve extra expense. The processes which seem t- 
promise most are : — 

1. Prolonged exposure to air. 

2. Chemical disinfection : — 
(a.) By gases, as sulphurous acid. 
(6.) By pulverised solids, as carbolic powder. 

3. Disinfection by heat : — 
(a.) By hot air. 
(^.)By high pressure steam. 

1. Prolonged exposure to air. — This is the plan formerly adopted 
abroad for the purification of rags subjected to quarantine. SCr. Allen, 
of the Ivybridge paper mills, states, in answer to Dr. Baliard, that oo 
one occasion he received a quantity of lousy rags, and these he spmJ 
abroad upon afield adjoining the works, exposing them there for s^'O-*' 
time to the weather. He does not think that thb measure would h 
generally practicable, since few paper mills have available land close ft' 
hand, being generally placed in narrow valleys for the sake of water* 
supply and water power; while to take land for the purpoee at * 
distance would involve much expense in carting, unpacking^ turoini; 
over, and repacking. The extra handling required would be an objection 
in a sanitary point of view, and it could only be done in fine weather. 

2. (a.) Disinfection by ^flwe«.-^Messrs. Fisher & Co., paper maDQ- 
facturers, speaking from a manufacturer's point of view, make th 
follo>ving suggestion : " We are not aware whether sulphur burnt in «■» 
" closed room in which there was a pile of rags, say of two or thft* 
" tons or smaller quantities, would be sufficient to disinfect the pile, l*^'* 
" if so, it might not be a difficult matter for every marine store dealtr 
" who buys rags from small collectors to have some room or onthour 
'^ specially kept into which all the rags he has bought during the ila;> 
" may be placed, a small quantity of sulphur lighted, and the rucni 
" closed for some hours." The points in favour of this proces* an 
that it is simple and cheap, requires no expensive apparatus, and heci> 
is within the reach of the small dealers into whose hands the rags fiH 
come ; but in order to expose them to the sulphurous vapour, it wouU 
be necessary to spread out the rags on sieves or hang them on a line, i^ 
the vapour would not penetrate into the interior if they were pilt ■ 
in a heap as described. Moreover, it is possible that the process nii^f ' 
be found to deteriorate the quality of the rags. Sulphurous acid, <<> 
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exposure to the air, beeomes in time converted into sulpbaric acid, ^^'*- ^^J!.^' '** 
which might reuder the rags damp and rotton. A popor mill manager Oi. an r.iitbn>ak 
informs me that he has tried a dilate solution of sulphurous acid for anMn-K^li^ir^ 
bleaching, but found that it "burnt " the fibre and injured the colour of w,rt4_r»; by 
the manofactured paper, especially on keeping. Messrs. Fisher & Co. * ''^^" 
admit this danger, and Ifr. Allen states that the use of acid di«infec- 
tiiuts wonld be verj objectionable to the paper muki^r. The same 
objections, he sajs, would apply to chlorine gas, which would be sure to 
lj€ acid. These points must be decided by experience. 

(If.) Disinfectants in the form of powder. — Since the outbreak of 
smail-pox at Messrs. Joynson's mill, by the advice of Dr. Baylis tlie 
firm have taken the precaution to mix carbolic powder with the rags as 
they are unpacked from the bales, and before they are passed through 
the ^' rough-dusters." The manager states that he prefers this to any 
flan of fumigation or disinfection by heat, since ho knows the exact 
cost, and has not to run any risk of further loss by deterioration of the 
rags in the process. The carbolic powder is guaranteed to contain 
lo per cent of carbolic acid, and costs 12^^. per cwt. It is \v?e6. in the 
j^roporticm of I lb. of powder per cwt of rags, the cost therefore l)€ing 
alx)ut2*. \\d. per ton of rags. Dr. Baylis believes that by the use of 
carbolic acid in this way the dust from the rags, which he considers to 
be the main agent in the spread of infection, may be effectually dis- 
infected, though he would recommend the use of a larger quantity of 
the powder, enough to equal in amount two-thirds of the dust contained 
in the rags, which is about 4 per cent or 90 lbs. per ton. Dr. Baylis 
con.^iders it improbable that the infected rags in a bale ever exceed oue- 
teutii of the whole ; and he estimates the amount of infected dust as not 
more than 9 lbs. in a ton of rags. From a large ex[K?rience he believes 
that the excretions of the sick are effectually disinfected when carbolic 
acid is mixed with them in the proportion of one pait of the acid to two 
parts of the dried solid matter in the excretions. Used in the propor- 
tions recommended by Dr. BaylL*?, carbolic acid would be present in the 
lutio of one part to each part of possible infected dust, or dou))le the 
proportion which he has found to be eifcKjtual. In the proportion 
actually used at the mills, the carbolic acid would be to the possibly 
iiifected dust as 1 to o. 

It will be observed that the cogency of the above train of reasoning 
(lipcnds not only on the accuracy of the numerical data, some of which 
it would be difficult to verify, but also upon the vali<Iity of certain tacit 
a>>uuiptions, as that the carbolic acid is evenly difl'ciscd throughout the 
nia;ss of matenal, and that it is brought, in an adequate state of concen- 
tration, into sufficiently intimate chemical contact with tlie material 
ufKin which it is required to exercise its powers. The first point I am 
«u>>i]red is not open to doubt, so thorough is the agitation which the rags 
receive in the dusting machine, but on the second there appears more 
room for question. It is well known that chemical action between 
<!iiri I'cnt substances takes place much less readily when they are brought 
t(»gother in the solid than in the liquid or gaseous form. Moreover, the 
emanations from the sick by which rags might be infected, are in many 
ca^es viscid fluid 3 which, when dry, would encrust the fibres and fill up 
the interspaces of the fabric in such a manner as to escape both contact 
with the caxbolic acid and the action of the duijting machine, and yet 
would fly off as dust when the fabric was torn by the cutter. The 
stitfrning of new calico is not removed by passing through the dusting 
maeliine, yet if such stuff be torn asunder a cloud of dust will be seen to 
i\y from it. It must also be borne in mind that there is a considerable 
(liirerence between the direct application of disinfectants to iafected 
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app. a. No. 16. matter, and their application when sncli matter is scattered thfougli :i 

large bulk of other materials ; the quantity and degree uf conceBtration 
required for efficiency in the latter case cannot at all be judged of from 
what would be sufficient in the first case. The use of carbolic powder 
deserves trial, though it would be difficult to obtain positire proof of it» 
efficacy. It is only applicable at those mills at which the rags are 
dusted before sorting. 

3. Disinfection by ketU. — Heat is one of the most effectual disiofee- 
tants, but its application in the present case, besides rei|uiring expensiTr 
^paratus, has some drawbacks. Boiling, as before said, is conaidtreJ 
by manufacturers to be inapplicable. It may, perhaps, be doubted 
whether the objection raised by manufacturers to any procenses inTohing 
wetting tlie rags amounts to more than that such wetting would neces- 
sitate some expense and trouble in subsequent drying. The tno^t 
valuable class of rags, i.e., white rags, have been repeatedly washed, oi^n 
in boiling water, before they come into the manufacturer's hands, ir 
some mills the rags after boiling are stored wet for some weeks to Eofteo 
the fibre and facilitate pulping. 

Dry heat is commonly used in the disinfection of articles of clotbtiis 
and bedding, and good results may be obtained if the stove be ^^i 
constructed. The difficultv in the way of its application to rags woqU 
be the length of time required in order to disinfect large quaotitiei oi 
non-conducting materials. Unless they were loosely c^read abrotd 
which would take much time and would necessitate a good deal vi 
handling, the heat, in order to enable it to penetrate into the interior c: 
the mass, must either be great or be long-continuod. £xpenecc»', 
however, has proved that a dry heat of 250^ F., a temperature sufficient 
to destroy all infection, can be employed without injury for the dm- 
fection d articles of cotton and linen which have to be used, not mcnfly 
as rags, but for further wear, provided that the heat chamber be $«c^' 
that this temperature can be maintained uniformly throughout it, to'- 
that care be taken that there are no superheated sides of the chaml^ 
with which articles can come into contact. The application of heat i: 
the form of high-pressure steam instead of dry air would, however, b«y 
the advantages of further security against scorching, and of gr^^; 
shortening the time required for the penetration of the beat, m^y^ 
especially if the steam pressure be alternately relaxed and reapplN >^' 
as to displace the air remaining in the interstices of the luaterittl' 
From some experiments which I have made, I conclude that it ' 
practicable, with steam at 15 lbs. pressure (= 251^ F.) thus applieii/" 
disinfect rags (unless they have been compressed by hydraulic p^es0u^' 
without unpacking the bales, an important advantage both as re^* 
saving of labour and avoidance of risk ; that the texture of the rir 
would not be injured ; that the rags would not be wetted to a seriix!' 
extent by the steam ; and that the cost of the process ne^ n<it exit^^ 
2«. 2r/. per ton of rags, even if it were necessary to ereet specie 
apparatus for the purpose. In many paper mills the boiling of tbe ni^ 
is effected by steam under pressure, and the 9ame boilers might probtl''^ 
serve for disinfection ; tlie rags being submitted to the action of f^^ 
alone, without \\ ater. 

II. Are there any particular classes of rags in respect of whicb it ^' 
desirable that precautionary measures of disinfection should be vtftd 
We may consider this question in reference to— 

A. Rags from places where infectious diseases are kootni r 
be epidemic. 

B. Foreign rags. 
* C. Hospital rags. 

D. Very filthy rags. 
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A. — ^In places where infections diseases are prevalent it is very App.a.Ko.19. 
probable that rags infected by the sick may find their way into the q^ an rnlTbreak 
collt^or's hands negligently or unwittingly, though not often, it may be of smaii-pox 
hoped, in wilful disregard of the hiw and of the safety of others. It is, ^r,;;"* ^ 
therefore, desirable that rags known to come from such places should be ^' PftnK>n!i. 
disinfected prior to sorting. Before, however, the rags reach the paper 
iiiiinufactnrer they have commonly passed tlirough several hands, and 
have been sorted and re-sorted so that all knowlecW of their orij;in is 
lost ; except that different classes of rags are sold under local denigna* 
tions recognised in the trade, e.g.^ "London seconds," ♦•country 
>t^cond6," &c., to some extent corresponding with their origin, and 
haviog distinctive characters by which a paper-maker of experience can 
recognise each variety. 

B. — Foreign rags, — These differ from English rags in that thoy have 
commonly, for convenience of transport, been compressed into Ijales by 
]]ydranlie pressure ; these bales are almost as compact and hard as those 
of couon. The countries from which rags are imported comprise most 
parts of the civilised world, but more especially the continent of Europe 
and the Levant. It is probable that in many of the countries from 
which rags are imported there is no law to forbid infected mgs becoming 
articles of merchandise. Hence there is a somewhat greater presump- 
tion than in the case of English rags, that infected articles may be 
present among them. On the other hand, the length of time that must 
* l-ipse between their collection and their coming into the hands of. the 
maorifacturers is doubtless greater in the case of imported rags than in 
I hose of home origin, and the potency of any vims which they might 
contain may be thereby diminished. There is no evidence to show that 
foreign rags are more liable to transmit infection than English rags of a 
similar class. In the 8t. Mary Cray outbreak, in which at first blame 
was attributed to certain foreign rags, later inquiries showed that the 
rA<r& in question had been in use for many months before the outbreak 
^>ccarr6d, ^nd that many of those who were attacked with 8niall-()Ox had 
not been working on them. Of the other cases before allndcd to in this 
rt'port, in only three, viz., those at East Mailing, at Creech, near 
Taunton, and at Wood side, near Aberdeen, was the mischief attributed 
to foreign rags ; moreover, in the Creech case tlie rags were only in part 
t'ordgo, aud in the Woodside case the manufacturers stated that the rags 
which had been from time to time suspected to be the source of the 
i/jfcction came from England and Scotland and not from the Continent. 
(Jt the cases appended to Dr. Bristowe's report, iu only two was bldnie 
attributed to foreign rags ; it is also stated by Dr. Bristowe that in the 
Lancashire mills, where many Turkey and Eg3rptian rags (which are 
commonly very iSlthy) are used, diseases peculiar to those coimtries have 
never been introduced by their agency. The Belgian experience, as 
^tefore mentioned, is similar. It does not i^pear, therefore, that any 
strong case can be shown why foreign rags more than home rags should 
i>e subjectCKi to a disinfect ing process. 

There appears to be an impression that foreign rags are disinfected 
U'fbre importation, but so far as I have been able to ascertain, in the 
^-jises where any process of disinfection of rags is carried out, it is 
jiraetised rather with a view of preventing the importation of disease by 
tlifir means than for the security of foreign countries, and can only l)e a 
safeguard to the latter iu the case of rags passing through from port to 
port. 

In the maritime regulations, as to plague, of the Egyptian General 
Ba'ird of Health, appended to Mr. Netten Radcliffe's Report on 
( juarantiDe in the Red Sea (Supplement to Ninth Annual Report of the 
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AFP. A. No. u. Local Goverament Board), Article XIV. prescribes that disinfection of 
sosceptible objects, among which rags are included, shall be rigorously 
carried out. 

The French Imperial Decree of May 27, 1853, in accordance -with the 
International Sanitary Convention, classes rags in the first or moat 
susceptible of the three classes in which, for the purpose of the applica- 
tion of sanitary measures, the various kinds of merchandise are by Art. 62 
arranged. In case of suspected plague, articles of this class are to be 
unloaded and subjected to purifications consisting of the opening of the 
bales and the free exposure of the contents to the air. Merchandise of 
this class arriving from countries suspected of yellow fever, if no eases 
have occurred on board during a voyage of more than ten days' daration, 
is to be subjected to a simple aeration without unloading. In the case 
of cholera no particular sanitary measure is prescribed. 

A decree, dated March 15, 1S79, compels all rags imported into 
France by sea to be disinfected, and the importation of rags is restricted 
to certain ports where disinfecting apparatus have been provide^. Id 
order to evade this requirement it has been the practice to unload 
cargoes of rags at neighbouring ports in other countries and carry them 
into France by land. M. Gibert (loc- cit^) consequently recommends 
that the importation of rags by land be restricted to certain frostier 
towns where facilities for disinfection exist, and that all rags be disin- 
fected before leaving or even entering the warehouses, and be not 
allowed to remain on the quays. Also that disinfecting apparatus be 
provided in all towns of 10,000 inhabitants. 

M. Van de Yelde (loc. cit.) differs from these conclusions, considering 
that the compulsory disinfection of all imported rags would be an 
impracticable and unnecessary interference with trade, and recommemis 
rather that infected articles should be disinfected at their plar« of origin, 
as tho law in England requires. It would seem that neither in France 
nor Belgium does the law forbid the selling or exposure witboat 
previous disinfection of infected clothing or rags. In Holland the law 
is similar to that in England, and in Turkey disinfection of some kind 
is said to be applied to articles suspected of being infected. 

Dr. Bristowe states that sulphur and lime are occasionally found 
sprinkled among foreign rags, in the opinion of some of his informants 
for the purpose of disinfection, in that of others solely to increase 
weight ; Messrs. Joynson's manager tells me that they occasionally find 
among foreign rags a gritty powder evidently added with the latter 
object. 

C. — Rags from hospitals or which have evidently been used by the 
sick» — Poultices and bandages are stated to be occasionally found in all 
rags. Such applications, however, as before remarked, are not of 
ordinary use in the treatment of the eruptive fevers, though they might 
be sometimes required if local complications should arise in the course 
of the disease. Their presence in a notable proportion in a sample of 
rags would point rather to their having been used for surgical ca^es, 
which are not, in English hospitals at least, treated along with infectious 
cases. The virus of phlegmonous erysipelas would be that most likely 
to be present in poultices or soiled bandages, but we liave at present no 
evidence of danger having arisen on this score. 

" Institution rags," including rags from hospitals, form in the trade a 
distinct class, for which some paper-makers have a preference, because 
such rags are comparatively new. It may be taken for granted that the 
authorities of English hospitals in which infectious diseases are treated 
would take care that no infected rags from them should come into the 
market ; whether the same could be said of hospitals in other countries 
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I cannot say. Doubtless the ^eater namber of infected rags which pass Apr. A. No. 15. 
into cirealation come from private households, especially of the poorer on an outbreak 

class* of Small-poz 

D. — Btigs exceptionally Jikhy.-^^RAgs which are obviously filthy SJteS^' 
may be regarded, according to Mr. Allen^ as more likely to have ^^-P^wn** 
infectious properties than cleaner qualities, for the reason that the foimer 
proceed from a dirty and negligent class of people, whereas in decent 
households infected rags are more commonly destroyed, their dangerous 
properties being recognised. In some paper mills, at least, the cutters 
are allowed to reject any offensive rag to the handling of which they 
may object. 

A priori it would seem likely that dirty white rags, forming, as they 
do, articles in intimate contact with the body, as underclothing, sheets, 
handkerchiefs, &c., would be more likely to be infected than coloured 
articles, and this view is borne out by the fact that almost all of the 
outbreaiLS of disease mentioned in this report have occurred at mills at 
which fine writing papers are made, in the manufiacture of which white 
rags are used. 

The question has been suggested. Can anything be done by paper- 
makers in their dealings with rag merchants to hinder the transmission 
of rags of presumably dangerous quality, e,g,, a money forfeiture in case 
of fil^y matters being found among rags by sorters ? No doubt, if the 
rags were not, as regards cleanliness, of the specified quality, or accord* 
ing to sample^ the paper-maker would have his legal remedy against the 
rag-merchant. Filthiness of rags is disadvantageous to the paper manu- 
facturer, involving greater trouble in cleaning them. In the eyes of the 
trade, however, filthiness would not be a reason for rejecting rags al- 
together, bat for sorting them into an inferior class consisting normally 
of dirty rags. A manufacturer would no doubt complain if he found 
many filthy pieces in a parcel sold him as fine white rags, but he could 
harcUy do so if the parcel were purchased as of a low quality. 

If manufacturers declined to receive filthy rags the dealers would 
either have to reject them, or to cleanse them before sale ; this would, of 
course, increase the price, but the rags would presumably be worth 
more to the paper-maker if they were clean, and the cleansing would 
increase the comfort and security of the paper-mill operatives; on the 
other hand, however, it would necessitate more handUng of the rags 
while they were in the hands of the rag merchant, or collector. 

ni. — Should measures of precaution against rag-infection be made 
compulsory, and if so, upon whom ? 

In answering this question it has to be borne in mind : — 

lat. That, apart from a knowledge of their history, there are no 
characters or means by which it may be known that a given sample of 
rags has, or has probably, been exposed to infection. 

2nd. That section 126 of the Public Health Act, 1875 already im- 
poees a penalty on any person who " gives, lends, sells, transmits, or 
^' exposes without previous disinfection any bedding, clothing, rags, or 
" other things which have been exposed to infection from any dangerous 
" infectious disorder." 

If this law were universally observed the question of rag-infection 
would hardly arise, at any rate as regards rags of home origin. If 
infected rags pass into the hands of dealers it is not because the law is 
uot sufficiently stringent, but because of the practical difficulties in the 
way of its enforcement. In this matter we must look for increased 
care and regard for the safety of others with the improvement of educa- 
tion. It is not evident that any amendment of the law could be made 
which would better ensure the object in view. Obviously it is the 
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App. a. No. ig. person who first sells the rags who should be responsible for their 
ireedom from infectious properties, both because he alone is likely to 
know their history, and because if disinfection were postponed to a later 
stage, the rags would pass through several hands while still retaining 
their infectious properties. The section bears primarily upon tbt' 
original possessor of the ragp, but would apply to any person into 
whose hands they might afterwards pass who knew of their infectious 
character. The difficulty would of course be to prove such knowledge. 

The responsibility being thus thrown upon the original possessors of 
the rags it would hardly seem fair to compel the marine store dealer, 
rag merchant, or paper manufacturer into whose hands they might sub- 
sequently come, to atone for the omissions of the first vendor bja proce^^ 
of disinfection applied indiscriminately to all rags, while as regards en- 
forcing disinfection of particular classes of rags it would be verj difficult 
to draw a line between the cases in which it was required and those in 
which it might safely be omitted. By whomsoever the disinfectiDg 
process had to be carried out, its effect would ultimately be to incresL^e 
the costs of rags to tbe paper maker, and to this in the present circum- 
stances of the trade much objection would probably be raised. It b 
stated by manufacturers that at the present time the paper trade i? 
suffering severe depression, partly from over-production, but to a grea: 
extent from foreign competition and foi'eign tariffs, so that any process 
calculated to increase the cost of the raw material would add to their 
difficulties, and place them at a disadvantage in regard to their foreign 
competitors. 

Possibly in time of an epidemic it might be desirable that all rag 
collectors and marine store dealers should be compelled to disinfect 
each day by sulphur fumigation or otherwise the day's gatherings ; but 
having regard to the class of persons employed in this branch ci U»p 
trade, it would be very difficult to ensure that this should be [voperlT 
carried out. It would also be desirable that such rags as were fosi 
should be cleansed before they left the collector's hands. This matter 
paper makers and rag merchants probably have in their own hands \\j 
refusing to buy filthy rags, or rejecting such as may be found in Xht 
parcels sent them. 

These remarks hardly apply to the case of foreign rags. Anj systein 
of quarantine like that practised abroad in the case of rags from pkgiu^ 
stricken countries would be opposed to the sanitary policy of tbii 
country, and would be the more inapplicable since the diseases which 
have to be guarded against are already indigenous among us. Mort" 
over, experience has not shown that foreign rags are more liable tfauc 
others to cause disease. 

It would nevertheless be gratifying if paper manufacturers, for tb' 
protection of their workpeople, could see their way to the adopticm d 
some effective means of disinfection of rags. Of the processes which 
have been proposed to this end, that by high-pi^essure steun seems to 
promise most. 

Recapitulation, 

The following conclusions are arrived at : — 

1st. That cases of infection by means of rags do occasionally occur, 
although, comparatively speaking, not very frequently. 

2nd. That small-pox is the disease most likely to be thus conveyed. 

3rd. That all rag workers should be vaccinated and re-vaccinated. 

4th. That dust should be avoided. The preliminary dusting o! th*. 
rags before sorting is to be recommended, but the dust should not be 
allowed to contaminate the air of the workroom. 
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6th. That certain measures of disinfectioQ are available, amon^ which apf. a« Xo. is. 
esposnre to air, fumio^ation with Rulpharoast acid, and exposure to hot ,v ""H-^. 
air or high-pressure steam maj be mentioned, each of which has its ofSmaU-pox 
advantages and drawbacks under certain circumstances. JSrt35 fi^' 

6th. That in the absence of means by which it may be known ^-^^^^^ 
whether or not rags have been infected, the cases in which disinfection 
would appear especially desirable are (a) rags from places where 
epidemics are known to exist ; (b) rags in a filthy stiitd ; and perhaps 
{c) foreign rags, especially if coming within the two previous cat^ories. 

7th. That under existing circumstances it is not advisable that any 
obligation as to disinfection of rags, other than that already imposed by 
section 126 of the Public Health Act, 1875, should be imposed upon 
persons engaged in the rag trade. 

November 1881. 



APPENDED NOTES. 



Case A. 



Sib, Whitefriars, Settle, June 28th, 1881. 

In accordance with tob-section 15, Art. 18, of the General Order of 
the Local Government Board of March 11th, 1880, I have to report the 
occtirrence of a case of small*pox at Goose-Eye in the Oakworth Urban 
Sanitary District. 

The case was reported to me npcm the 9th of June by the medical 
attendant, who had seen it for the first time upon the 6th, and had the case 
removed upon the 7th into the infectious wards of the Workhouse 
Infirmary at Eleighley. 

I visited Goose-Eye upon the 9th of June, and found that the patient 
(a yotmg woman of 21 years of age) had been working up to the time of 
her illness as a rag sorter in a paper-mill (Turkey Mill) dose to their 
house at Gk>08e-Eye. Neither she nor any member of the family had been 
away from home for some time previously. 

The case was one of well-marked small-pox, the rash being fully 
developed all over the body, but not confluent. She had been in a poor 
state of health for some time past. Upon examination there were no 
signs of vaccination to be found, although her mother aflirmed that she 
had been vaccinated when a child. 

I visited Turkey Mill, and found that 25 other women (their ages 
ranging from 18 to 60 years) were engaged in rag sorting. Of these one 
young girl had no vaccination marks upon her, and another only one 
indifferent mark. 

I also found that the rags, which are of the finer sort (being intended 
only for the manufacture of writing papers), and which not unfrequently 
contain poultices and dressings, and are imported from all parts of this 
country, as well as from France, Italy and Russia, do not undergo any 
process of disinfection, such as stovmg or boiling, before they are put 
iirto the hands of the workpeople. The walls and floor of the rag- sorting 
room are covered with dust from the rags. A cargo had recently been 
received containing rags from Halifax, but the sorting of these had not 
been begun before the girl's illness. 

She had, I was informed, for a month previous to the attack, been 
engaged in sorting clean stuffs of the best quality in use. 

I can attribute the outbreak to no more definite cause than the suspicion 
of infection conveyed in the rags. 
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App.A.No.16. The premises where the patient was living have been thoroughly dis- 
infected and cleansed, and the children re- vaccinated. Three weeks have 
now elapsed since the case was removed to the hospital, and there h»^ 
been no further appearance of the disease. 

I am. Sec. 
(Signed) Francis E. Atkiksok, 

L.R.C.P. Lond., M.EX.S. 



<)n an outbreak 
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I visited the above case on June 11th with Mr. Atkinson, and c^ 
confirm his account. The Turkey Mills are situated in a retired ralley 
three miles above Keighley. A road runs through the valley by which it 
is stated that in summer time many tramps come on their way from 
Lancashire to Yorkshire across the moors, passing the mill and th« 
patient's home, the kitchen of which serves also as a small shop. Tramps 
are the only means other than the rags by which it seems at all likely that 
infection might have been brought, and there is no reason to think that it 
was so. Both the District Medical Officer and the Medical Officer o^ 
Health for Keighley state that the town and neighl^ourhood had been for 
some time free from small-pox. At tbe Turkey MUls the processes differ 
from those at the St. Mary Cray Mills in certain respects. There is no 
preliminary dusting. The rags are sorted and the buttons, &c. remoTed 
by women. The cutting, instead of by hand, is done by a machine witi 
revolving blades like a chaff cutter. The pieces after cutting are 
"willowed" and dusted in a machine standing in a corner of the rag 
room, from which much dust proceeds. It is proposed to put up a fan to 
withdraw this dust better. The rags are next boiled with caustic soda in 
upright fixed boilers by steam at a pressure of 20 lbs. or upwards. Thej 
are torn up by machinery, as they revolve in an elliptic tank, being washed 
at the same time. The shreddy mass is next pressed in a hydraulic pres?. 
It is then bleached with solution of chloride of lime and again pressei 
It now forms cakes of white fibrous pulp resembling cream cheese in 
appearance, and termed *• half stuff," in which state it is put by for use 
as required in the operations of paper-making proper. 

H. F, P. 



Case B. 

On June 16th, 1881, Mr. James Williams, Medical Officer of Health to 
the Holywell Rural Sanitary Authority, reported to that authority the 
occurrence of a case of small-pox in a girl employed in cutting rags at the 
Afonwen Paper Mills. In the absence of all other discoverable sources of 
infection he concluded that the patient had received the disease through 
the medium of the rags which she was engaged in cutting. In com- 
municating a copy of this report to the LocfS Government Board the 
Sanitary Authority expressed their opinion that all foreign rags should be 
disinfected on disembarkation, and home rags likewise previously to their 
transit from place to place. 



I visited the Afonwen paper-mills on August 12th, 1881, with Hr. 
Williams. 

The patient E. J., aBt. 16, had been vaccinated in infancy, but had only 
one faint scar. She had only been working at the mill for tbree weeks 
before her attack, having previously been in service at an inn in Oaerwys, 
a small neighbouring village. She had not been farther away for a long 
time, and no small-pox was known to have previously existed in tbe 
district. 

The Afonwen mills, at which the finer qualities of writing paper sre 
manufactured, are situated in a valley far from any town. The workpeople 
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reside in the neigbboarhood, mostly in Oaerwys. At the time of the App. A. N0.15. 
occmrenoe of smail-pox 70 bands were employed, of whom 18 were rag- ^^ — timsak 
cutters. The rags upon which they were employed yrere ** best whites," otSmtSt^x 
British white rags of the cleanest class, but not new. They had been among Rof^ 
recently pnrchas^ of rag merchants of repute in Manchester, and nothing ^^f^n^. 
nnnsuiu was observed aboat the sample. Foreign rags are never used at 
the Afonwen mill. The rags are " willowed " before cutting, but in a sepa- 
rate room, so that the rag-cutters are not much exposed to the inhalation 
of dust. 

The oldest hands at the mill do not remember any other cases of small- 
pox to have occurred there. 

Shortly afterwards I received information from Mr. Williams that a case 
of small-pox had recently occurred among rag-cutlers at the Greenfield 
mper-miils, near Holywell. I visited the spot with him on Aug. 29th. 
Unlike the other mills at which small-pox has occurred, the Greenfield 
mills manufacture printing paper, and the cheaper qualities of writing 
|)aper, the materials used being esf)arto grass with a twentieth part of rags 
or waste thread. The latter material consists of ravellings of thread from 
linen factories : having never formed part of any garment, it is not likely 
to be a vehicle for infection. The rags, which are of the class known as 
"seconds," are obtained partly from local collectors; partly are foreign. 
All the English rags used are said to be from neighbourini^ towns. Tbey 
were not known to bave- come from places where small-pox had been 
prevalent. Some are said to have been very dirty. The rags do not 
undergo any preliminary dusting. The cutting room is well-ventilated, 
and not particularly dusty. The mill employs 100 hands, of whom only 
nine are cutters. One of these, Sarah J., eat. 17, was taken ill about the 
middle of Angust with modified small-pox. She had been vaccinated in 
infancy, and bore one large mark. (Of the other cutters, five had been 
vaccinated in infancy, two had had small-pox in infancy, and one was 
said to have been vaccinated, but had no mark.) S. J. had cut both rags 
and thread ; but for a fortnight, ending about a week before her illness, 
she had cut rags only. She had not been away from home before her 
illness, and no history of infection could be ascertained. She lived, 
however, in a small and overcrowded house, in a populous, poor, and 
sqnalid neighbourhood, and close to a much frequented main road. She 
had, therefore, more opportunities of coming unwittingly in contact with 
amall-pox than some of the other cases referred to in this report, and the 
probability of the infection having been received through rags is pro- 
portionately weakened. There does not appear to have been any com- 
munication between this case and that at Oaerwys, and the two outbreaks, 
which occurred at places six miles apart, must, I think, be looked upon as 
qnite distinct and unconnected. 

H. F. P. 



Case C. 

In this case the patient, a girl set. 14, residing at Shaftesbury, said to 
have been vaccinated in infancy, but on whom no marks were found, was 
engaged in sorting rags of all kinds. Her employer was a middleman, 
liymg at Shaftesbury, who bought rags from collectors in the neighbouring 
towns and villages, and sold them to merchants and paper manufacturers. 
The evidence in this case connecting the outbreak of small-pox with rag 
infection was not clear. The patient denied having been away from 
Shaftesbury, but it was found that her statements were not to be depended 
ottt for she had been not long before her illness to see a relative some 
miles off, and had had a dress jfiven her which might have come from 
London. Small-pox had existed m two places within the area from which 
the dealer obtained rags, but it appeared' that none from those places had 
come into his possession at dates which would accotmt for the outbreak. 

H. F. P. 
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Case D. 

Extract fW>m a Report to the Local Board on the OtrrBREAKs of Skaut 
POX in Maidstone, 1881. By M. A. Adams, F.E.C.S., Medical Officer 
of Health. 

The first case I shall call yoor attention to was that of a girl name^i 
Maslin, who worked at Springfield Paper Mill. She came out in the nth 
of small-pox on the 18th of April, and on the 19th, or next day, foor other 
mill girls came ont in the rash, on the 20th two others, and one on the 

2lBt. 

All these eight girls were working in the same room as rag-cnUers. 
On the 25th two more women, and on the 26th one other were taken, boi 
these came from a different room. 

The place from whence the first batch of cases arose, is the wpper 
sorting room, where the rags are cut and sorted ; the second batch came 
from the overlooking room, where the rags are taken to after leaving the 
first or Borlang room. 

Now all these 11 cases occurred within the period of incubation, there* 
fore the sufferers could not have taken the disease one from another, and 
ic is clear that those in the sorting room were exposed to the infection 
some few days before those in the overlooking room. It is also quite 
beyond the bounds of reason to doubt that the infection, come fipomVhence 
it might, was disseminated from the mill as a focus. 
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To account for these cases we must suppose either a person or thins 
infected by small-pox to have been in the sorting room on the 1st or 2na 
of April. If a person, he or she could be traced; and to leave no doubt in 
the matter, I myself personally visited every absentee from work from 
that mill room. Referring back to what has been said of the Banyard, 
Obee, and the two other early cases, it hardly needs my assurance that 
neither of these persons nor their attendants had been near the sorting 
room on those April days, nor indeed at any other recent time so far as I 
know, nor bad any clothing or other articles belonging to tiiembeen there 
either ; and if they or their belongings had not been actually in the mill 
room, we are cast upon a last and more ridiculously improbable conjecture, 
that one of them had directly or indirectly visited each of the mm han(U 
at her homo on one and the same day, curiously enough selecting the mill 
hands alone for victimsfrom out of the general inhabitonts of those homesi 
and only those, too, who worked in the upper sorting and overlooking 
rooms : the notion is of course altogether too absurd. 
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How then could the mill outbreak have originated P If not from a Apf. A- No. 15, 
person, the infectiwi must have emanated from a thing, and if so what onanooTbreak 
^^J5g? , ofSmiUl-pox 

rhe answer to this question is hardly left in doubt when it is remembered »««>i« Bfff- 
that the second batch of mill cases broke out in the overlooking room KTl^LioM. 
alwut a week later than the first batch which had come from the sorting 
room ; the rags, recollect as already pointed out, passing in the ordinary 
way of business from the sorting to tne overlooldng room. 

Imagine a narcel of infected rags to have found its way into the sorting 
room on or about the 1st of April, and the chain of events is perfect : on 
no other hypothesis, so far as I can see, can • the facts of the case be 
reconcOed. 

Allow me here, once for all, emphatically to say that no direct or 
implied blame is intended to be cast upon the proprietors, officers, or 
others connected with the milL Bags may be of ^e whitest and moat 
cleanly description and yet hold the most deadly infection. Fault, if 
fault there was, lay with those who originally couectc^d and made mer- 
chandise of the infected rags. 

I have heard of, and can readily believe, reckless conduct imch as the 
following:— Undertakers do, and often are instructed to remove with a 
corpse aO bed and bo<^ linen, especially when death has arisen frt>m 
infections disease. It might easily happen for small-pox unsuspectedly to 
^)e spread broadest through the medium of a sheet, a shirt, or a pillow* 
case, though such article might to the eye be clean and wholesome. 

From these 11 original mul cases others sprang, making a total of 34 ; 
eome directly, others in a very roundabout way. Thus No. 16 worked at 
the same hurdle as No, 5 had worked, and a fortnight later she took the 
disease ; and again. No. 22, also working at the same hurdle, sickened a 
few days later. No. 7 had an associate, No. 10, who worked at Turkey 
Mill ; these two were constantly together, and No. 10 took the (^ease of 
No. 7, and what ia more, gave it to a fellow workwoman at Turkey Mill, 
and thus it travelled to three others at Turkey Mill, besides the mother, 
brother, and sister of the primary case. 



In answer to my inquiries Mr. Adams states that the women first 
attacked had all been working on and before April Ist on the same class 
of rags, viz., white English rags from London merchants. There was 
nothing to lead to the suspicion that these rags had come from filthy 
soarees. There is no treatment with a view to 3ie prevention of risk of 
iufectioui and the dusting is done in the overlooking room. 

H. F. P. 
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Meat. 



No. 16. 

APF. A. No. 16. Memorandum as to Thichinous Disease and Cooking ot Meat. 

Memonndam M SoME verj serioos diseases in man, of which the chief is named 
^2i!» iSS" Trichiniasis, result from eating the flesh of pigs that have bcconw 
c<wkixiff of infested with minute parasitic worms. 

It is upon the imported A esh of foreign pigs that suspicion of being tbus 
infested has recently fallen ; but it will be prudent to regard all pigs u 
liable to parasitic disease, and to remember that the influence of it upon 
the animal is not nearly so evident as when the disease attacks man. 

Inasmuch as the meat infested with these worms cannot be reoogobed 
by any popular test, and the worms themselves can only be detected bj 
careful microscopic examination, it becomes important to take precautions 
against harm to man in the case of meat from all pigs. 

The only known means of avoiding disease in man from this dangerous 
quality of meat from pigs, is by very thorough and efficient cooking. 
IF there is reason for thinking a particular sample of meat to contftin 
the parasites, it ought not, on any account, to be eaten, no matter hov 
it is cooked. 

Hams, sausages, and like articles, whether or not they hare been 
smoked or salted, should never be eaten in the raw state. 

To be efficient for the required purpose, the cooking of pork, of hams, 
of bacon, and of other articles should be prolonged for about half ai 
much time again as is customary. The smallest joint should be cookeil 
for not less than an hour ; and whatever be the size of the joint, it 
should have not less than half an hour's cooking for each pound of 
meat. No part of a joint that is seen to have an underdone portion in 
it should be eaten. 

In boiling hams and pork, the meat should be put into cold or Inke 
warm water ; and the period of cooking should be reckoned from tbc 
time when the water boils. 

In boiling several joints of pork or several hams (as required at 
institutions and elsewhere), they should not be put together^ in bulk, at 
the same time into the same cooking vessel. Each joint should be pnt 
into a separate vessel, and boiled with a good quantity of water. 

Though the caution is not given for the avoidance of the particular 
diseases here in question, the present is a useful opportunity to mention 
that it is of much importance to health to see that larders, and places 
where cooked meat is stored, are kept always clean and free from 
the chance of foul air entering them. Serious outbreaks of disease 
are appearing with some probability to be related to neglect of this 
precaution. 

Local Government Board, 
February 28th, 1881. 
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APPENDIX B. 



No, 1. ACT. B, No. 1. 

On 8am]»Iei of 

On the Resitt-ts of Examination of cei-tain Samples of Watkb SiSel^JSh^^ 
purposelj POLLUTED with Excrements from Enteric Fever bjD?<XaT!**^'* 
Patients, and with other Matters, by Dr. Cory. 

The following inquiry was undertaken munly to ascertain how far 
some of the processes in common use among chemists, for the analysis 
of water, could be relied upon to detect dangerous pollutions. To this 
end typhoid stool was in the first place used as the polluting material, 
£uid afterwards healthy stool, urine, blood serum, and other materials 
have been employed. Opportunity, however, was taken of making 
further application of the analysis, so that other questions, more or less 
aidn to the inquiry, have been in some measure considered. These 
secondary intentions have necessarily been imperfectly fulfilled. They 
most be looked upon sometimes as preliminaiy to more extended inquixy, 
sometimes as merely tending to throw light upon other results. 



Experiment I. 

A consistent typhoid stool was obtained on the 3rd of February 1880, 
from a patient, William B., aged 26, who was admitted into St. Thomas's 
Hospital on the 13th of January. His temperature on the morning of 
the 4th of February was 38**-3 C. (101° F.). He was taking milk, beef 
tea, and an effervescing mixture of citrate of potash. 

One gramme of the stool was thoroughly mixed in a small mortar 
with 100 cubic centimetres of the Lambeth Company's water, drawn 
from a tap in connexion with a cistern at 14, Palace Road. Ten cubic 
centimetres of this mixture was put into a bottlo, labelled C, containing 
two litres of the water. To another bottle, labelled B, containing 
the same quantity of water, 5 c.c. of the same mixture were added, and 
a third bottle, labelled A, was filled with unpolluted water. These three 
samples C, B, and A, were sent to Dr. Dupr^ for analysis on 
February 3rd, 1880. 

Another bottle, containing the same ingredients in the same propor- 
tions as C, and also labeUed C, was sent to Mr. Stewart for microscopical 
examination on the 4ih of February 1880. 

Both Dr. Dnpr6 and Mr. Stewart were acquainted with the amount 
and nature of the pollution in the bottles submitted to them. 
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App. B. No. 1. The following are the results of their examinations : — 

On Samples of 
Water puipotely 
polluted with 
Exorementi,etc ; 
by Dr. Oory. 



The stool used wai that of 

Wm. Bennett, obtained 

cm the Dorninir of the 

SrdofFeb. 



Unpolluted water 

orawD on the 

Srd Peb. 



B. 

2006 O.C. of water 

polluted with 'OSgnn 

of typhoid stooL 

Water drawn on 

SrdofFeb. 

Pollution = 1 * 75 mmh 

of atool pergilion. 



2010 CwC. of water 

polluted wiOi *1 nrn. 

of typhoid etoM. 

Waier drawn on 

Srd of Feb. 

Pollution s 3*5 grafa^ 

of stofri pereaDan. 



Appearance - 
Colour 
Deposit 
Nitrous acid • 
Phosphoric acid 
Colour of residue 



BehaTiour of residue on 
ignition. 



Clear - 

Pale greenish 

None • 

None- 

Very minute trace 

Very pale yellowish 

brown. 
Blackens very slightly 



Very slightW turbid 
Pide greenisn brown 
Minute trace 
None - - - 

Strong trace 
Very pale yellow 

brown. 
Blackens very slightly 



SUriitly turbid. 

Psie brown. 

Tmoe. 

None. 

Much. 

Pale yellow btown. 

Blackens mariEcd^. 



Grains per gallon. 



OxyKen absorbed from pei^ 


00455 


0-0180 


0-0625 


manganate (cold). 
Total dry residue • 
f Volatile matters - 
IFixed salts 


24*06 


2406 


24-S6 


0*84 


1-96 


1-96 


2S'24 


22*12 


22*40 


Chlorine ... 


106 


1*06 


1-05 


Nitric acid • 


0*77 


0*77 


0-77 


Free ammonia 


00021 


00025 


0-0027 


Alb. ammonia 


0-0076 


O'OOdS 


0-0123 



The waters were allowed to stand at rest for 24 hours, and only the 
clear water (without the deposit) was taken for analysis. 

[Me, Stewakt's Report on the Examination of a Bottle of Wateb 

similar to C, February 7th, 1880. 

Deposit fairly abundant. 

It consisted chiefly of crowds of flagellate infusoria (a, b) (see accom- 
panying Plate, fig. 1), some with collsu*8 (e), a few cOiate infusoria {d). 
Bacterium termo and lineola both active and resting (e), in considerable 
quantity ; motionless, many-jointed curved filaments of schizomycetoos 
fungus (/*), and living mycelium (^) ; a few dead diatoms, synedra (A) ; 
fibres of textile fabrics, e.g.y stained wool and flax ; amorphous organic 
matter.] 

It will be noticed in Dr. Dupre's analysis of B that I * 75 grains of 
typhoid stool per gallon added nothing perceptibly to the weight of the 
total dry residue. 

SUB-£XPEBIHENT. 

It was felt, therefore, desirable to ascertain, firstly, the weight of 
solid dry residue contained in a given weight of an ordinary typhoid stool ; 
and, secondly, the amount of solid dry residue of the soluble portions of 
a given weight of an ordinary typhoid stool. The latter determination 
was undertaken, because only the clear water in the samples was taken for 
chemical analysis. 

A stool of this description was accordingly procured from a case of 
typhoid (William Cox), in St. Thomas's Hospital, on March 6th. 

In order to ascertain the amount of solid dry residue in a given weight 
of the stool, 2*05 grms. were placed in a watch glass over a disih of 
sulphuric acid under a bell glass, the air being then exhausted from 
bell glass. In 24 hours the fseces were desiccated and weighed only 
0* 17 grm. The proportion, therefore, of solid dry matter contained in 
the faeces, determined in this manner, was as *083 : h 

To determine the second point. One gramme of the same typhoid 
stool (which, if dried, would have weighed *08d grm.) was mixed with 
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100 ccof distilled water, and the mixtare allowed to stand for 24 hours, app. b. No. i. 
It was then filtered through a filter paper. This being done, the I'csidue qq ga^pi^ of 
with the filter paper waa placed under a bell glass to dry over sulphuric ^u*®*L5^Eh ^ 
&cid. Another clean filter paper which had previously been ascertained WuaementB,eie.i 
to weigh the same as the one which was used, was also placed under the ^^ ^* ^^* 
bell glass in order that both filter papers might dry together under 
similar circumstances. In weighing, the clean filter paper was placed in 
the opposite scale of the balance and the residue was then found to 
weigh *022 grm. If this weight, therefore, be subtracted from the 
weight of the total dry residue we get *083 — '022 = *061 grm. as the 
weight of the soluble portions in 1 grm.. of the stool. 

EXPISBIHENT II. 

A consistent typhoid stool was obtained on the morning of the 10th of 
Febmary from Harriet M., aged 18, who was admitted into 8t. Thomas's 
Hospital on the 29th January 1880. On the morning the stool was 
obtsined, typhoid spots existed on her abdomen. She was taking milk 
only as diet^ and xx minims of liq. ammon. acet. as medicine. 

One gramme of the stool was weighed in a watch glass and thoroughly 
mhed with 100 c.c. of water, drawn from the tap at 14, Palace Road, 
on the 10th February 1880. 

Ten c.c. of this liquid were mixed with 2 litres of the water, and the 
bottle containing the mixture was labelled E. Another bottle, labelled F, 
was prepared by adding 15 c.c. of the liquid to 2 litres of the water, and 
a third bottle, D, was filled with unpolluted water. 

The above samples were submitted to Dr. Dnpre for chemical analysis 
en the 11th Febmnry 1880. He was acquainted with the nature, but 
not the amounts of pollution in the samples. 

The results of his analyses are given in the following table : — 



The stool Qfed was from 
Harri^-tHills. obtained 
on morninfr ol the 
10th of Feb. 



D. 



Unpolluted water 
drawn on the 
10th Feb. 18S0. 



E. 

8010 C.C. of water 
poUated with *1 grm. 

of typhoid stool. 
Water drawn on the 

10th Feb. 1880. 

Polhition a s*5 grains 

of typhoid stool 

per gallon. 



F. 

8015 C.C. of water 

polluted with 15 grm. 

of typhoid stool. 

Water drawn on 

10th Feb. 1880. 

Pollution =5 '21 grains 

per gallon. 



Appearance - 
Colour 
Deposit 
Nitroos acid 
Phosphoric add 
Colour of residue 



Behatiour of residue on 
ignition. 

Oxygen absorbed from per^ 

^mannnate (warm). 

Toialdryraddue 

volatile matters 

Fixed salts - 

Chlorine • 

Citric acid - 

Free ammonift 

Alb. amnuKnia 



Clear - - - 

Greenish yellow - 

None - - - 

None - - - 

Trace 

Slightly brownish 

yellow. 
Blackens very 

alightiy. 



Slightly turbid 

Pale brownish 

Trace 

None - • - 

Much 

Slight brownish 

yellow. 
Blackens markedly 



Grains per gallon. 
01095 0*2576 

22*40 22'68 
1*68 2*80 

20*72 19*88 
1*05 1*06 

0*77 0*77 

0-0005 0*0026 

0*0056 0*0101 



Slightly turbid. 

Pale brownish. 

Strong trace. 

None. 

Very much. 

Slight brownish 

yellow. 
Blackens markedly. 



0*2786 

23*80 

2*52 
21*28 

1*05 

0*77 

00014 

0*0140 



[Mr. Stewart's examination of the mixture of typhoid stool and water 

used tp pollute samples E and F. 

Contabednumerons bacteria (a) («e6 Plate, fig. 2), a few vibrios (6). 
Some unknown bodies possibly altered food (c), growing mycelium {d). 




by Br. Cory. 
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AFP. B. Ko. L and many dark orange-brown granular masses of irr^olar fimn bat 
On Sam^ of Bimilar size (e) .] 

" Jy 

The three samples, D, £, and F, t&ken in conjnnction with those of 
the first expertmenty offer an opporttmity of judging how fur the 
** albominoid ammonia '' process of Messrs. Wanklyn and Chapman will 
indicate quantitivelj, pdlutions with typhoid stool when the slodi L^ 
added to two waters of different degrees of impurity, the amount of 
original impuri^ in eadi water being known. 

If we deduct the amounts of the ammonia and albuminoid anunonk 
found in the two unpolluted samples A and D from the amounts of tk 
ammonia and albuminoid ammonia found in the polluted samples B and 
Cy and £ and F, respectively, we arrive at the results given in the table 
below. 

The quantities are given as before in grains per gallon. 





William B/a tjyphoid stooL 


Harriet M.'s typhoid stooL 


Ohemioal indioationR 
•fforded b^ pollution 


(B.) 

1'75 grains 
per gallon. 


(C.) 

S'Sgiaina 
per gallon. 


3*5 grains 

per gallon. 


CF.) 

5-tlgniBs 

perguloQ. 


Fr66 anunoniA - 
Alb. ammonia 


'0004 
•0020 


-0006 
'0048 


-0021 
•OOtf 


-0009 

-0064 

* 



The results are thus seen to be fairly consistent with the proportional 
amounts of pollution, except in the case of the free ammonia in £, 
which is much higher than was to have been expected. 



EXPERIMEITT III, 

On the l7th of February a semi-solid stool was obtained from 
Joshua B., aged 25, who was admitted into St. Thomas's Hospital oo 
the 12th February 1880, with typhoid fever. His diet consisted d 
milk only. He was taking 20 minims of dilute hydrochloric acid &< 
medicine. 

One gramme of the stool was thoroughly mixed in a mortar with 
100 C.C. of the Lambeth Company's water, drawn on the 18th February. 
This was allowed to stand five hours, and it was then filtered through 
filter paper. Ten c.c. of this filtrate which was clear, but contained 
numerous bacteria, were added to two litres of the water, and the 
bottle containing the mixture was labelled H ; other 12*5 c.c. of the 
filtrate were added to 2 litres of the water in another bottle, labelled I : 
a third bottle, labelled J, contained 25 c.c. of this filtrate and 2 litres of 
the water; and a fourth bottle, labelled G, was filled with the un- 
polluted water. H, I, and J were sent to Dr. Dupr^ for analysis on 
the afternoon of the 18th, whereas G was not sent until the 2'M 
February, which was after the results of the analyses of H, I, and J ksA 
been received. A bottle with similar contents to that above labelled H, 
was sent to Mr. Stewart on the 19th February. 

Neither Dr. Dupr^ nor Mr. Stewait was acquainted with the nature 
or the proportion of the pollution. 
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The Stool med 
/rom Joshuft B^ 
obtained on the 
morningof tlie 
ITttiofFeb. 



Appeurmee • 

('UlODT 

Dep^ot 
XitroQsacid • 
Phosphoric add 
Colour of reridne 
Behaviour of reaidae 
on ignition. 



Ozjgen afaaorbed 
from permanffunate 
Total diy reaidae 
Volatile mattera 
Filed salis - 
ClibrinB 
Nitric add ^ 
Free ammonia 
Alb. ammonia 



6. 



T7npoUated 

water, drawn on 

the 18th or Feb. 

Sent for analysia 

otnthe 

sard of Feb. 



201O 0.0. of water 

pollated with 

10 CO. of filtrate 

frtnn 1* grm. of 

tgrphoid stool in 

100 cc of water. 

Sent for analysia 

on the 18th of Feb. 

Pollutions about 

'209 grain of dried 

soluble matter 

per gallon. 



CHear - 

Brownish green 
None - 
None 

Slight trace 
Brownish 
Blaekena very 
aliprhtly. 



Clear • 
Browniah 
None 
None 
Trace - 
Browniah 
Blackens 
* oeptibly. 



per- 



a018>6ox.of 
water polluted 
with 12*5 CO. of 

filtrate from 

1' grm. of 

typhoid atool in 

100 cc. of water. 

Sent for analysia 

on 18th Feb. 

Pollution = about 

258 grain of dried 

soluble matter 

per gallon. 



Grains per gallon. 

0-1284 0'22M 

28*24 23*82 

1*68 S'64 

21-66 19*88 

1*085 1*12 

0*68 0*70 

0*0016 0*0049 

0*0064 0-0065 



Clear - 
Brownish 
None - 
None 

Strong trace 
Brownish 
Blackens 
strongly. 



0*2962 

28*62 

8*08 
20*44 

1*155 

0*70 

00048 

0*0084 



J. 

2006 CO. of water 

polluted with 
26 cc. of filtrate 
froml' grm. of 
typhoid atool in 
100 c.c of water. 
Sent for analysia 

on 18th Feb. 

Pollution = about 

*618 grain of dried 

soluble matter 

per gallon. 



App. B« No. 1. 

On Samples of 
Water purpoael; 

S>llutedwith 
xcremautt^etc 
by Dr. Cory. 



Clear. 
Browniah. 
None. 
None. 

Strong trace. 
Browniah. 
Blackens 
strongly. 



0*8220 

28*52 

8*08 
20*44 

1*165 

0*68 

0*0084 

0*0802 



[Mr. Stswabt^s Examination of a Sample similar to H, and of the 
FiLTBATB with which Hy I, and J were polluted. 

Sample H, examined February 18th. 

Hardly any deposit. 

A few small monads (a), {see Plate, fig. 3) and some rod-like 
irregularly jointed short filaments of a fungus (b). 

The filtrate with which H, I, and J were polluted, examined Feb- 
ruary 20th. 

Numerous fli^ellate infusoria-monads (a), (see Plate, fig. 4). 

Some young ciliate infueoria-paramecium (o). 

Some round bodies which showed slight oscillatory motion, and were 
probably a resting condition of 'an infusorian (c). 

Crowds of bacteria with some vibrios and spirillum (d),'] 

One intention of the foregoing experiment wa» to deprive the chemist 
of an obyions means of estimating the amount of pollution, viz., that of 
observing the relative amount of deposit in the different samples ; and 
this was achieved, for it will be noticed that in the four analyses the 
appearances on inspection are described in almost identical terms. 

The analysis of the unpolluted water G was postponed, because it 
wa9 thought that from the analyses of H, I, and J it ought to have been 
possible to predict the analysis of G. This, however, was found imprac- 
ticable. Thus with regard to the albuminoid ammonia, J which was 
polluted with 25 c.c. of the filtrate, contained more than twice as much 
Jilbuminoid ammonia as I, which was polluted with 12 '5 c.c of the 
filtrate. 

Calculation on this basis would give a minus quantity for the amount 
of albuminoid ammonia in G, the unpolluted water. 



*■% 
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App. B. No. 1. 

On Samples of 
Water purposely 

g>llated with 
zerement8,etc.; 
bj Br. Ooiy. 



EXPEBIMENT TV. 

On the Ist December 1881 four bottles were prepared. One, la})elW 
K, contained Lambeth Company's water drawn from a house cistern on 
the 1st December 1881. Ki. contained the same water and 2 c.c. of 
fresh and healthy urine. The other two bottles were labelled L and M, 
and each contained the same quantity of th6 same water and 4 c.c of 
the same urine. 

The sample of urine used had at 10° C. a specific graTitj of 1020, and 
when 20 cc, which weighed 20*4 grammes, were eva^ponied to dryness, 
the dried residue weighed '792 gramme, and contained 22 '69 per cent. 
of nitrogen as determined by direct experiment. 

Samples K, Ki, and L were sent to Dr. Dnpre for analysis on the 
1st December 1881, but M was not sent until the 7th February ISS2, 
f^the bottle, having a capacity of about 2750 c.c, and therefore not quit^ 
nlled, was closely stoppered during the interval of 66 days). 

The results of the chemical analyses follow : — 





K. 


m. 


L. 


X. 






saooccof 


2000 ex. of 


9000 ex. Of 






Lambeth water 


Lambeth water 


Lambeth vitrf 






from house 


fromhouge 


fromhoDK 






cistern, drawn 


(^steni, dvawii 


dstcmdnvii 




Lambeth water 


Dec. 1st, 1881, 


Doc 1st. 1881. 


Dec]Jt,lS8L 


Urine obtained 


flpom house 


to which were 


to which were 


to winch w^ti 


Dec. 1st. 


dstcm drawn 


added 2 cc of 


added 4 cc. of 


added 4c-c.o( 




Dec. 1st, 1881. 


urine. 


urine. 


urioe. 




Examined 


E.uu»ined 


Examined 


BxsmioAl 




Dee. Ut, 1881. 


Dec. 1st 1881. 


Dec 1st. 1881. , 


Peb.7th.l«B. 






Pollution by 


Pollution by 


PoilutiOii h> 






solids of urine 


solidn of urine 


solids of uiiw 






=2*77 grs. per 
gallon. 


=5- 64 urs. per 
gallon. 


gsUoo. 


Appoaranoe - 


Clear - 


Turbid • 


Turbid and opa- 
lescent. 


Clear. 


Colour 


Greenish brown 


Greenish brown 


Greenish brown 


Strong grecTciik 
yeUow. 


Dei)Osit 
Nitrous acid - 


Minute trace - 


Minute trace - 


Minute tivoe • 


None* 


None 


None 


None 


V««ry much. 


Phosi^ric acid 


Trace - 


Verj' much 


Very much 


Much. 


Colour of reiidue - 


Yellowish 


Brownish 


Brownish 


Pale yeUoiri*. 


Behaviour of residue 


Blackens slightly 


Blackens mark- 


Blackens strong- 


Blackens sliihtly- 


on ignition. 




edly and erolves 
a urinous smell. 


ly and evolTcs 
a urinous smell, 
and one of burn- 
ing nitrogenous 
substances. 







Grains per gallon. 






OxTgen ab-'\ in 
sor bed from ( 4 hours, 
perman* \ in 
ganate J ihour. 


0*148 
0*061 


0-248 
0*166 


0*308 
0*2S» 


0'87» 
0*Sd« 


Total diy residue - 
n^„.fi^ "> volatile 
^™^ ' matters. 
*"«°' ; AxedsalU 


18*72 
2*S4| 

16*48) 


28*24 
2-52 

20*71 


2$*82 
S'64 

19-88 


19-9 

"1 

18*«) 


Chlorine 
Nitric acid - 
Ammonia 
Albuminoid ammonia 


i*2a 

0-fl7 

0-001 

0*010 


1*82 
1-10 
0-051 
0*254t 


1*80 
0-48 
0-102 
0-541t 


1*89 

t'tr 

COSTS 



* All, or nearly all, in the form of nitrons acid. 

t Evolution of albuminoid ammonia cannot be brought to aa end. 
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The above results show, firstly, that when water is polluted with fresh App. blNo. i. 
uriBeonlja small part of the nitrogen contained in the urine is con- On Samples of 
verted into ammonia hy the ammonia process as usually conducted.* poSSef*^?^^ 
(WanUjn and Chapman^ 6tb edition, p. 39). Secondly, they show &cmiieDi«,etc.; 
some of the chemical alterations induced in such water by keeping it ^^ ^' ^^' 
for 65 days. 

With regard to the first point : 

By calcolationy from the data previously given, we shall find that the in- 
crement of nitrogen added to sample Ki was equivalent to '009 gramme 
per litre and in sample L to *018 gramme per litre, or expressing these 
amoaotB in graina per gallon to '63 grain io the former and to 1*26 
grains in the latter sample. Now, if the *' tJbuminoid ammonia process " 
converted the whole of the nitrogen contained in the polluted waters into 

17 
ammonia, we should have ' 6^ X -p s^ ' 765 gr. per gallon of albuminoid 

ammonia to look for in sample Ki,and twice this amount, or 1 '53 grains, 
in sample L ; but if we glance at the results of the analysis we find 
only '254 grain of albuminoid ammonia for sample Ki and *541 
grain for sample L, and these figures are three times too small in 
the former case, and nearly three times too small in the latter. It is 
true that Dr, Dupr^ states that the evolution of ammonia could not be 
brought to an end ia the two samples under review. 

With regard to the second poiut : 

The effects of keeping the water for 65 days are shown by the com- 
parison of analysis L with analysis M. They were, firstly, a great 
increase in the amount of free ammonia, due no doubt to the decom- 
IKxsition of the area giving rise to carbonate of ammonium. The amount 
of free ammonia is now so large that it, together with the ^ albuminoid 
ammonia," will account for two-thirds of the total nitrogen added as 
urine. Secondly, an increase in the amount of nitrous acid (shown 
under the head of nitric acid) ; this increase will fully account for the 
remainder of the nitrogen. Thirdly, a diminution of the total solids 
bj 3*62 grains per gallon, and this dso receives its explanation on the 
supposition of the decomposition of urea resulting in the formation of 
carbonate of ammonium, which latter substance being volatile would be lost 
on evaporation. Fourthly, a marked decrease in the amount of albumi- 
noid ammonia ; and, fifthly, an increase in the amount of the oxygen 
absorbed from permanganate of potass.t 

SuE-sxpSRiHENtd to ascertain the BEHAVioun of Urea under 

certain OoNDmoNS. 

In connexion with the behaviour of urine when submitted to the 
^* ammonia process " as in the last experiment, it was thought desirable 

* Bot on this point Dr. Dapre*8 observations, in the sketch he hereafter gives of 
his method, deserve to be noted. 

t Somewhat different results are to be noticed in another experiment detailed in 
this feotnote. The water was kept, howeTer, only 22 days instead of 65. 

On the 24th February 1S80 three bottles were prepared. One, Uibelled k, con< 
taizied two litres of Lambeth Company's water, drawn on the 24th, ahd 2 ec. of 
fresh and healthy urine of specific gravity 1024. The other two bottles were labelled 
^ and iiy and each contained the same quantity of the same water, and 4 c.c. of the 
^sme urine. 

« and X were sent to Dr. Dupre for analysis on the 24th February, but /a was net 
«eat until the 16th of March (the bottle, having a capacity of 2780 c.c, and there* 
fore not quite filled, was closely stoppered during the interval). 

{^Note f continued <m next />a^«*] 

B 2199. I 
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ACT. B. Na 1. 

On Bamplet of 
Water purpose] 
polluted with 
Excremente,eto 
by Dr. Oory. 



to learn something of the behaviour of pure urea when submitted to the 
same process, especially as Mr. Wanklyn states that urea gives no 
ammonia when treated with a strongly alkaline solution of permanganate 
{see pages 167 and 168 of the 5th edition of his book). 

To this end I dissolved '5 gramme of pure urea in 1000 cc. of 
distilled water, and added 100 ex. of this solution to 900 cc. of distilled 
water. This dilute solution would contain 50 parts of urea per miUion. 
Half a litre of this dilute solution was submitted to the "ammoob 
process," as described on page 30 of Mr. Wanklyn's book. No ca^ 
bonate of soda was added. The result was — 



Free ammonia : 

1st 50 cc. of distillate contained 

2nd 

3rd 

4th 



V 



if 



f» 



99 

99 



•00923 
•01278 
•013136 
•013845 

•04899 



Albuminoid ammonia : 

Ist 50 cc of distillate contained 

2nd 

3rd 



99 
99 



99 
99 



99 

99 



01704 
01668 
01633 

05005 



l^Note f continued from previous page,'] 

The results of the chemical analjsis follow :<— 



The urine from a healthy 

man, obtained on the 

£4tli February. 



Polluted with 2 o.c. 

of urine. Water 

drawn on the 84th Feb. 

Examined Feb. 26th. 

Pollution's -82 

grains of lolidt per 

gallon. 



Pollute with 4 cc. 

of urine. Water 

drawn on the24th Feb. 

Examined Feb. 86th. 

Pollution =7' 64 

graina of aolids per 

gallon. 



Polluted with 4 cc. 

ofuriii^. Water 

dravn on the tttli F^- 

Examined llarchl»t^ 

Pollatioa=7'64 

grains of solids per 

gallon. 



Appeanui' 
Colour 



ce 



Deposit 
Nitrous acid 
Phosphoric acid - 
Colour of residue - 
Behaviour of reiidue 
ignition. 



on 



Slightly turbid 
Pale browmsh 

None - - 
None - 

Very much - 
Brownish - 
Blackens much 



Turbid 

Pale brownish 

None - - - 
None - - - 

Very luve quantity 
Brownish - 
Blackens very much 



Clear 

Strong greetiisli 

yellow. 
None. 
Very much. 
Very much. 
Pale browm^L 
Blackens peReptibi.^ 







Grains per gallon. 




Oiygen absorbed from 


0*6440 


1*288 


0'3IS 


permanganate. 








Total dxy residue ' 




84-78 


26-04 


85*98 


Volatile matters • 




4*48 


6-44 


S*86 


Fixed salts • 




80*80 


10-60 


82*40 


Chlorine * ' 




1*609 


1*856 


1*780 


Nitric acid - 




0*85 


0*24 


0*140 


Ammonia - 




0*0840 


0*1002 


1*80 


Alb. ammonia 


0-1868 


0*2800 


0*1608 



The differences to be noticed are that the figures representing the amoast ^ 
oxygen absorbed from permanganate of potash and tJie figures given under the hefti 
of nitric acid are decreased instead of increased. 



1H5 



Therefore in one litre there was — 

Free ammooia 
Albuminoid ammonia 

Total ammonia 



Parts per Million. App. B. No. 1. 



- • 09796 

- -10010 

- -19806 



On Samples of 
Water purposelj 
polluted with 
Bxcrements. et^;. 
by Dr. Cory. 



Now, if all the nitrogen of the nrea was converted into ammonia, 
there would be, in a million parts of water, 28 ' 3 parts of ammonia, and 
this amount is represented in the analysis by * 19806 part, that is, by 
only -j4t ^^ ^^^ whole possible quantity. Mr. Wanklyn's statement, 
therefore, that nrea yields no ammonia appears to be substantially 
correct, but yet not quite accurate ; moreover, it will be seen that his 
practice of estimating the free ammonia by reckoning the last three 
oO-c.c of distillate as always containing one third the quantity of am- 
monia contained in the first 50 cc, is not to be depended upon when 
urea is in question, for, as can be seen, the three last 60 cc. of distillate 
contained increasing and not diminishing quantities of ammonia. 

Let it be noticed, also, that if the free ammonia had been estimated in 
the way recommended by Mr. Wanklyn, there would have appeared 
00923 + -00307 X 2 = '0246 parU of free ammonia per million, 
instead of '09^96; and that the free ammonia thus estimated would 
hare been to the albuminoid ammonia in a proportion of as 1 * ; 4' 11. 
I shall presently have to refer to this. 

In another experiment I dissolved -0884 gramme of pure urea in 
2000 cc. of Trafalgar Square water, drawn irom a tap in the New 
Government Offices. This solution would therefore contain 44-2 parts 
per million of urea, besides the impurities belonging to the water. A 
sample of the polluted water, and one of the Tndalgar Square water, 
were sent to Dr. Dupr^ for analysis with the following results : — 

Increments occasioned by the addition of 44*2 parts of urea per 

Milligrams per Litre. 



Total dry residue 
Free ammonia 
Albuminoid ammonia* 



None. 
•52 
2- 13 



Firstly, it will be noticed that apparently the impurities of the water 
have occasioned a much larger proportion of ammonia to be formed from 
the urea, and this notwithstanding Dr. Dupr^*s estimation of the free 
ammonia according to Mr. Wanklyn*s directions. 

Secondly, it will be observed that the proportion of free ammonia to 
albuminoid ammonia is as 1* ; 4*09, a proportion almost exactly the 
same as in the former experiment, when the free ammonia was estimated 
in the ordinary way. 

Lastly, it will be noticed that 44*2 parts per million, or 3*094 grains 
per gallon of urea give no increment to the total dry solids when 
dissolved in Trafalgar Square water. Dr. Dupre, to be certain of this 
^act, tried another experiment with precisely the same results. The same, 
however, was not the case when I substituted distilled water for 
Trafalgar Square water. 



* Tb« erolution of albaminoid ammonia covld not be brought to an end. 

I 2 
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^^'-L. **• • EXPEBIMENT V. 

On Samples of 

^l^^uj^Meijr A man^ nged 34, in good health, was placed upon milk diet <m the 
^orements^etc.; 16th of Febniarj. He last partook of solid food on the evening of the 

by Dr. Coiy. 15th. 

During the 16th he had 1740 c.c. of milk, and 480 ex. of clear beef 
tea. 

During the 17th he had 2180 c.c. of milk, and 270 cc of clear beef 
tea. 

During the 18th he had 1950 c.c. of milk, and 540 cc. of clear beef 
tea. 

Thirty-six hours after the last meal of solid food the fceces had 
become very pale yellow in colour, resembling in this respect typhoid 
stools, and they remained of this colour during the continuance of the 
milk diet 

On the morning of the 19th, the man being still on milk diet, 1 groL 
of the fseces was taken and thoroughly mixed with 100 cc of Lambeth 
water, drawn on the 18th ; 5 cc and 10 cc of this liquid were added 
to the bottles labelled N and O respectively, each bottle containing two 
litres of the water drawn on the 18th. 

The experiment was arranged so as to be comparable with experiment 
I, and it was made for the purpose of observing whether the " ammonia 
process " or the microscope would show any difference between a typhoid 
jstool and a healthy stool mixed in water under similar conditions. 

The samples were sent to Dr. Dupr4 on the 19th of February, and 
the remainder of the liquid, not added to the water, was sent without 
further dilution to Mr. Stewart on the 19th. 

The following is the result of Dr. Duprfi's analysis : — 

In the first column of the table the results of the analysis of G, an 
unpolluted water, is again given for comparison. The water for 
^experiment III. and the present one was drawn at the same time. 



stool obtained on the 
morning of the 19th of Feb. 



G. 



Unpolluted water 
drawn on the 
18th of Feb. 



1006 ox. of water 

polluted with 'OSxrm. 

of healthy stool. 

Water dmwn on 

thelSthFeb. 

Pollution si*75(pra. 

per gallon. 



0. 

»10 cje. of 
poIluUylwitlil. 
of health/ BtooL 
Water drawn on 

the 18th FM). 
PoUutioD e S*f 
per gallon. 



Appeirance • 
Oolour 
Deposit 
Nitrous acid* 
Phosphoric acid 
CMour of residue 
Behaviour of residue 
ignition. 



on 



Clear - 

Brownish green 
None - 
None- 

Blight trace - 
Brownish - 
Blackens veiy slightly 



Turbid 
Brownish - 
Minute trace 
None - 
Strong trace 
Brownish - 
Blackens strongly 



Grains per gallon. 



Tnibid. 
Brownislu 
Trace. 
None. 

Very strong tran. 

Brownish, 
Blackens strongly. 



Oxygen absorbed from per- 


0-1284 


0*8001 


r 0-8817 


Total dry residue - 


28-24 


28-80 


24*08 


Volatile matter 


1-88 


8*64 


8*88 


Fiiedsalts - 


81*56 


20*16 


20*72 


Chlorine - - - 


1-06S 


1085 


11S6 


Nitric acid - 


0-63 


0*61 


0*86 


Ammonia . . - 


0*0016 


0*0081 


O'OOtt 


Alb. ammonia 


00064 


0*0188 


00888 



The waters were allowed to stand at rest for 24 hoars, and the wtter 
without the deposit was taken for analysis. 



On Samples of 
Wftter purposely 

e>llutea witli 
zcrements,eto.; 
by Dr. Cory. 
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[Mr. StbwartV ExjkxiNATiON of theMccTURB with which N and afp.b.No.i. 

were pollated. 
February 20th. 

Like the misture with which E and P were polluted. ( See Plate, 
tig. 2.) 

Crowded with bacteiia in active zoogloaa state. 
Granular masses like e, but no vibrios like bj] 

In order to compare the results of the chemical analysis of the typhoid 
stool given in experiment L, with those of the healthy stool of experi- 
ment v., the following table has been made by subtracting the amount 
of the different substances found in the unpolluted waters from the 
amount of similar ones found in the polluted waters ; that is to say, the 
figures in column A, experiment L, have been subtracted from those of 
columns fi and C, and the figures in column Gr have been subtracted 
from those in columns N and O. It should be stated that for both 
experiments the typhoid stool and the healthy stool were semi-solid, and 
that the waters were allowed to settle, and only the supernatant water 
taken for analysis. 



Increments indicated Ixy 

aimlysts to have been 

sained by additions of 

knovn quantities of 

' toai^onof 

water. 



B. minus A. 

FbUuted with 

*06 grm. of 

Typboid stool. 



V. minus 0. 

PbUnted with 
'OSfcrrn. of 

Healthy stool. 
Milk Diet. 



C. minus A. 

Polluted with 

'Ifnrm. of 
Typhoid stool. 



0. minus O. 

Polluted with 
*1 grm. of 

Healthy stooL 
MUkDiet. 



Chemical Increments in Grains per Gallon. 



Oxygen absorbed by pemuuv* 

mnafte of potash 
Total dry residue 
Volatile nurtters 
Pizod salts 
Chlorine 
Nitric acid 
Ammonia 
Alb. ammonia - 



) Not comparable, owing to changes of method ; gM Dr. Dupr<^'8 



S 



note. 

•0 
1-1« 
-/•/« 

•0 

•0 

'OOM 

*00t0 



*6<S 
1-96 

•0 
-•OS 
'0015 
'0059 



•28 
1*12 

•0 
•0 

•0006 
-0048 



•d4 
1-68 

•07 
-•07 
•0028 
•0216 



From mspection of the table it will be apparent that when circum- 
stances of diet were arranged so as to interfere as little as possible with 
the comparison^ the addition of typhoid stool gave to water far less 
indication of pollution than was given by an equal quantity of healthy 
stool ; that this was very markedly the case when the quantity of 
albominoid ammonia was regarded as the measure of the adde<l impurity. 
Or if chlorine were taken as the test, some indications (unimportant, it is 
true) of the presence of pollution were observable in the case of healthy 
faecal matter being added ; but not at all in the case of typhoid faeces 
lieing added. 



Experiment YI. 

On the 2oth of February four bottles labelled P, Q, R, and S, were 
prepared. P and B each contained, besides 2 litres of Lambeth water, 
drawn on the 25th of February, * 2 gim. of typhoid stool from Joshua B., 
and 2 c.c. of heidthy urine. Q and S each contained the same amount 
of water, *4 grm. of the same typhoid stool, and 4 c.c. of the same 
urine. 

The specific gravity of the urine was 1030. P and Q were sent to 
Dr. Dupr^ for analysis on the 26th of February, and R and 8 on the 
4th of March. 
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Besides the above, two other samples were prepared on the same diy. 
aud labelled T and U. These were identical with P and Q respectively 
in all respects, except that they contained no urine. The; were seni 
: ior aoalyeiB on the 25th February. 

The results of the analyses are given below. 

The proportion of feeces to urine in the samples P, Q, R, and S, was 
arranged in accordance with the customary estimate, which is that the 
average weight of urine passed by men is 10 times the average weight of 



Two litres of 

vote 
polluted 



Irom > healthy lotn, 

obtoined on tha 

£Sth ol Fcl). 



cfCr^ 



PJiOilihorio 



None 
Veijmucl 



Two lltn* 

poUuled "fit 



Trace 
Veiy Imnre 



T<ro litre* of 



tjphoid Ileal. 



tTphoMatooI, 
mndlCJ^ot 
urine. Waler 



None 
Much 



Oiygea «l»orbcd from per- 


OMta 


1 


UK 


■fiT9a 


■<UM 


0-48S 


OMt 




is-a 




4* 








a-x 


















Filed wlta • 


n-it 


K 


IWO 


M-W 


"■MS 


18 -W 


»;» 






































(.■S7SS 


0-31U 


o-tsoo 




OMSO 



It may be obseri'ed that the results of keeping the polluted w^ter for 
eight days were an increase in the amountfi of nitrous acid and &e^ 
ammonia, and a decrease in the amounts of oxygen absorbed froiu 
[>ermanganate of potassium, the total solids and albuminoid ammonia. 

In experiment IV. (compare analyses L and M), in which urine alone 
was used, and the water kept for 65 days before analysis, an increase i> 
also noticeable in the amount of nitrous acid and free ammouia, and i 
decrease in the amount of total solids ; but the oxygen absorbed from 
permanganate of potassium is increased instead of being diminished, and 
the albuminoid ammonia is decreased instead of increased. 



SuB-ExPEEisiENTs to determine the Pkopoetion of Chloed.'e stjcretcd 
in the Urine of Patients suffering from TrPHOm Fevkb ai 
compared with that in Healthy Urine. 
On the 19th of March the chlorine in 5 c.c. of the urine of a healthy 

man, who weighed 82-89 kilos, was deteimined.* It was found to 



* The delennination was made by eTaporatiog 5 c.c. of miDe 10 drjnets oo > 
water batb, igniting the n-aidue at s moderate hent, dissolviog the ignited teitdac in 
dhiillod waiEr with the aid of d little nitric acid, neatrtlisiag and then mnning into 
the BolntioQ a. standard solntion of nitraie of Bilver, wing ^ornate of potaM ai an 
iodicuor. 
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umoant to "027 gnn. Taking 1500 cc/as the average qoantity of app.b^o.1. 
urine secreted per diem^ we should obtain 8*1 grms. of chlorine as the On Samples of 
amount secreted by the above man per diem. Dr. Foster gives 7' ^^ TOUuUjf wSh ^^^ 
H'21 grms. per diem as the normal quantity of chlorine for an average j^cramento^ect.; 
man of 66 kilos to secrete. ^ ^'- ^*"^- 

On the 22nd March the chlorine in 5 c.c. of the urine of a man* 
Thomas Parker, aged 21, suffering from typhoid fever of 13 days' dura- 
tioQy was determined. His average temperature, the mean of six 
observations, on the previous day had been 39° '4 C. (102° '9 F.). It 
was found to amount to '0086 grm«^ 

If this man had passed the same quantity of urine as the healthy 
man of experiment Y. (typhoid fever patients usually pass less), the 
chlorine secreted by him in a day would have been 2 * 58 grms. 

On the 9th April the chlorine in 5 c.c. of the mixed urine of a man, 
Richard Cook, aged 26^ suffering from typhoid fever of 10 days' dura- 
tion, was determined. His average temperature, the mean of six obser- 
vations, on the previous day had been 40°* 12 C. (104°* 2 F.). It was 
found to amount to '0186 grm., and he passed on the same day 1391 c.c. 
of urine ; thence the total amount of chlorine passed by this man in 24 
hoars was 5*1745 grms. 

The amount of chlorine passed by these two typhoid patients is thus 
seen to be considerably below the normal. 



Experiment YII. 

The following samples were prepared in order to determine the 
amount of organic carbon and organic nitrogen contained in them by the 
methods of Dupr6 and Halk^ for the carbon, and Dittmar for the 
nitrogen : — 

V was unpolluted Lambeth water, drawn on the 11th of March. 

W contained '2 grm. of typhoid stool in 2 litres of water, equiN^ent to 

7 grains per gallon. 
X contained '4 grm. of typhoid stool in 2 litres of water, equivalent to 

14 grains per gallon. 

The stool used was loose, and had been kept in a stoppered bottle for 
iive days before being used for the pollution of the above samples. It 
was the same stool which had been ascertained to yield *083 grm. of 
dry residue for every gramme of stool, as mentioned on page 128 of this 
report. It was passed on March 6th, when the patient (Cox) had been in 
hospital 10 days, and ill for a week before admission. Dr. DuprS was 
acquainted with the nature and proportion of the pollution in the 
samples. The samples were allowed to stand for 24 hours, and the 
supernatant water alone taken for analysis. The following shows the 
result of his analyses :— 
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App. B. No. 1. 

On Suttplei of 
Water mnrpotely 
ppUatodwTai 
Exoreinenta, etc ; 
by Dr, Coiy. 



V. 



tlnpoUttted water 

drawn on th6 11th 

March* 



W. 

Two litres of water 
poUuted with '8 grm, 

of typhoid stool 
taken on Harch 6th. 
Water drawn on the 

11th Maroh. 

Follntions7 gn. per 

gallon. 



Appearance - 
Obiottr 
Depodt 
Nitrons and • 
Phosphoric acid 
Colour of residne 
Behaviour of residue 
ignition. 



on 



Clear - . • 

Greenish yellow 

Minute trace 

None - - - 

Tmoe- 

JPale brownish 

Blackens perceptibly 



Turbid 

Pale brownish 
Veiy little - 
None - • 
Strong trace - 
Brownish - 
Blackens strongly 



TwolitfBsatvifeer 
pc^ntedwilh'Agnn. 

of tyiMd stool 

tskenonliarelittl 

Water drawn on tbe 

UtfaMaRh. 

BollntioD=l4gn. 

pergsUoD. 



Tarbid. 

Fale brownislL 

AlltUe. 

None. 

Strong trace. 

Brownish. 

Blackens stioo|] J. 







Grains per gallon. 




Oxygen absorbed from 


0*225 


0*8S2 


0*290 


permanganate. 








Total dry residue - 




iS-40 


22*40 


S'96 


Volatile matters - 




2-M 


3*08 


2*80 


Fixed salts - 




20*16 


10*32 


20*16 


Chlorine 




loss 


1050 


1*085 


Nitric add - 




0*680 


0*680 


0*700 


Ammonia 




0*0006 


00026 


0*0046 


Alb. ammonia 




0*0003 


00120 


0*0168 


Organic Carbon 




0*290 


0*322 


0*936 


Organic Nitrogen - 


0*058 


Not determined 


0*137 



It has been previouslj shown (pa^ 129) that the dry solable portions 
in 1 grm. of this typhoid stool amounted to * 06 1 gnn. Hence, the 
soluble portions in 7 grains of stool would be equal to *427 grain. Tht? 
soluble material added per gallon to sample W would therefore be 
* 427 grain, and in sample X to * 854 grain. Now, if we deduct the 
amount of organic carbon and organic nitrogen contained in the no* 
polluted sample V from that contained in the polluted sample X, we fioii 
that the evidence of * 864 grain of soluble matter, tested by the iucre- 
ment of <' organic carbon " and ** organic nitrogen," consists of '037 grs. 
of the former and '079 of the latter. 

It 'was of interest to observe what degree of coincidence there mi^ht 
be between '' organic nitrogen " thus determined by Dittmar's process 
and the nitrogen determined as albuminoid ammonia by Wanklyn's pro- 
cess. The addition of ' 854 grain of soluble matter gave rise to an incre- 
ment between analyses V and X of '0075 of albuminoid ammonis. 
Fourteen-seventeenths of this amount or '00618 grain per gallon is tbe 
amount of nitrogen in the albuminoid ammonia. Hence *079 grain 
organic nitrogen and •00618 grain of nitrogen as albuminoid ammonia 
make their respective claims to be regarded as the expression of tk 
nitrogen impurity caused by adding '854 grain of soluble matter from t 
typhoid stool. The one figure is 12 ' 6 times less than the other. 

Experiment VIII. 

On March let two samples were prepared, Y and Z, 

Y contuned two litres of Lambeth water polluted with 2 cjc of 
healthy urine obtained on the 1st of March, and 2 c.c. of the filtrate 
from the typhoid stool used in experiment III. page 130. 

Z contained 2 litres of Lambeth water polluted with 4 cc. of healthj 
urine obtained on the 1st of March, and 4 cc of the filtrate. 

The two samples were without odour and were similar in appearances. 
They were sent on the Ist of March to Mr. Stewart for examination. 
He was asked if he could determine by hfs examination the proportion 
of the pollution. 



md 
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The resultfl of his examination follow : — App. b. No. i. 

T, March Ist. Z, March 1st. c^flunpi«of 

Water dear, no deposit. Like Y« ^^toS^fSiT 

Contained a few crostacea (en- ^Dr°o?****^' 

tomostraoa), a verj few monads^ ^ * ^' 

and many motionless points* 



Examined March 3rd. Examined March 3rd. 

Water opalescent, but not offen* More opalescent than Y; not 
sive. offensive. 



Examined March 4th. Examined March 4th. 

Opalescent, o^nsive. More opalescent, very offensive. 

Crowds of bacteria, and monads. Crowds of bacteria, and small 

monads. 



Examined March 7th. Examined March 7th. 

Slightly opalescent, not offensive. Bat slightly opalescent; hardly 
A few bacteria, and some ciliate any smelL 
infasoria. Bacteria less abundant, many 

large monads and ciliate infusoria. 

" It was possible, from a comparison of the opalescence produced in 
the waters by keeping, on the third day to conjecture that Z contained 
the most polluting material, and this conjecture was strengthened on the 
fourth day by the offensive odour, being more powerful from Z than 
from T." 

It will be observed that the waters first became opalescent, accom- 
panied with rapid multiplication of bacteria and monads ; then, while 
still opalescent, they became offensive; and lastly, opalescence and 
offensiveness rapidly declined, and during their declension a decrease in 
the nnmber of bacteria took place. At the same time higher forms of 
infusorial life b^an to make their appearance. Whether any special 
forms of organism or ova develop from typhoid stool, which has been 
added to water conditioned for their development, and if so, what the 
conditions may be, are questions which present themselves and seem 
worthy of further consideration. 

EXPESIHEKT IX. 

On the 4th of March 12 litres of Lambeth water were drawn off into 
a large bottle, which had up to the above date been used for keeping 
distilled water in. 

On the same date six Winchester quart bottles were washed by 
first rinsing them out with strong sulphuric acid, then with water, and 
lastly, they were each filled to overflowing and emptied three times with 
the Lambeth water. 

On the 6th of March a loose stool was obtained from William Cox, 
^^ 16, who was admitted into St. Thomas's Hospital on the 24th 
February 1880, suffering from typhoid fever of one week's duration. 
He was taking ^g-and-brandy mixture and milk as diet, but no 
medicine. His average temperature on the 5th, the mean of six 
observations, was 39^*5 C. (103°* I F.). The ptool now in question is 
the one that was used in experiments I. and VIL, and that had been 
fonnd to contain 6* 1 per cent of soluble solid matter. 

One gramme of the stool was mixed with 100 c.c. of Lambeth water, 
^d the mixture dUowed to stand for 24 hours. It was then filtered 
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App. b. No. 1. through ordinarj filter paper, and the filtrate used for the poDutioii of 
On Samp7es of the samples presently to be mentioned. 

'^^rpourf^ly Qq the same day 6 of the 12 litres contained in the large bottle were 
]^cramento,etc.; poured into three of the cleansed Winchester quart bottles, 2 lities 
Vy Pr. Cory. j^ each. These latter were labelled 1, A, and C* respectively. 

30 c.c. of the filtrate above mentioned was then added to the 
remainder of the water in the large bottle, and the bottle then well 
shaken. The water thus polluted was then poured out into the other 
three Winchester quart bottles, 2 litres in each, and the bottles labelled 
2, B, and C® respectively. 

Samples I and 2 were sent to Mr. Wanklyn for analysis, samples A 
and B to Professor Frankland, and C^ and C^ to Dr. Dapr^ l^ooe oi 
the chemists were informed of the nature or amount of the poUadog 
material. 

The results of their analyses are shown in the following table, where 
the quantities are brought to grains per gallon : — * 



The stool obtained 

from William Cox on 

the morning of the 

6tb March. 



UnpoUuted samples. 



I)upr6. FrMnkland. Wanklyn. 



Unpolluted Lambeth Water drawn 

on the 4th of March. 

Sent on the morning of the 8th for 

analysis. 



Polluted samples. 



I)upr6. FranUand. Wanklyn. 



Lambeth water, two litres tA 
which had been polluted with the 

soluble p<Htion of *1 gnn. of 
Typhoid stool known to contain 
* 0001 grm. of solid matter. Tfaisb 
in the proportion of 0*11 Ktmii!. 
soluble solia matter addea to each 
gaUon. 
Sent on morning of the 8th tsi 
analysia. 



Appeannco • • 
Colour - • • 

Deposit • 

Nitrous acid - 
Phosphoric acid 
Colour of residoo 

Behaviour of residue 
on heating. 



Clear 


Clear - 


^ 


Pale brown- 


^ 


^ 


ish green. 






None 


•» 


^m 


None 


_ 


.. 


Strong trace 


-« 


m^ 


Pale brown- 


mm 


■M 


ish. 






Blackens 


■M 


»» 


perceptibly. 







Yery slightly 
turbid. 

Pale brown- 
ish yellow. 

None 

None 

Strong trace 

Pale brown- 
ish. 

Blackens 

perceptibly. 



Clear 



Grains per gallon. 



Oxygen absorbed from 


0*2415 


m^ 


_ 


0*2512 


.. 


« 


permanganate. 














Total dry residue 


22*68 


22*668 


Not stated 


23*24 


22*96 


Not stated 


rvolatile 


0-70 


•~ 


.1*. 


1'96 




.- 


Consisting 3 matters. 














of ; fixed 


21*98 


mm» 


•«• 


21*28 


.^ 


^ 


C salts. 














Chlorine 


1-015 


112 


1*8 


I'OIS 


1*05 


1*S 


Nitric acid, NsOs 


0*924 


0*7722 




0*770 


0*8262 


— 


Ammonia 


O'OOU 


0* 


0*0014 


0*0016 


0* 


O-O007 


Albuminoid ammonia 


0*0090 


^^ 


O'0Q56 


0*0100 




0-w? 


Organic carbon 


>— 


•2114 




_ 


'2205 




Orjianic nitrogen 
Total hardness 


•»- 


*0871 


m^ 


.. 


0*0899 


.. 


.— 


15*26 


18* 


_ 


15*S2 


18* 


Temporary 


_ 


8-96 




.^ 


10*22 




Permanent 


"™ 


6*3 


•~ 


— 


6*6 


_ 



The only figures in the table which require explanation are those 
given in Professor Frankland's analysis under nitric acid. In his 
analysis he gives the amount of nitrogen present as nitrates and nitrites, 

"^ As I shall have occaBion specially to comment on Mr. Wankljn's results, I give 
the actual figures of his analjrses in parts per million, as forwarded bj him : ^ 
In unpolluted sample. \ In polluted sample. 

Ammonia - • 0*02 I Ammonia - - 0*01 

Albuminoid ammonia • 0*08 | Albomiuoid ammonia - 0*10 



143 



but sinoe^in Dr. Dupr^'s analysis no nitrites were foand, it haabeen App. g. No. l 

a-^sumed for Professor Frankland that no nitrites were present in his 

-sample, and, therefore, that the nitrogen, under his heading of 

*' nitrogen, as nitrates and nitrites," was present only as nitric acid. 

On this assmnption and calculating the amount of nitric acid in grains 

(KT gallon, the figures given in the table are arrived at. 



On Bamplei ci 

Water purpOMb' 
ppUated with 

Bxereiiifinte.etc.; 
by Dr. Cory. 



[Mr. Stewart reports of the filtrate from the stool of William Cox used 
to pollute the waters sent to Messrs. Dupre, Frankland, ' and 
WMikly n ; — 

March 7th. — ^Turbid ; pale fawn coloured ; faint, but not offensive 
t^mell. Contained crowds of bacteria, and other minute schizomycetous 
fungi, 

March 9th. — Smell a little stronger, but hardly oflfensive. Forms as 
before, but a^few large monads also present.] 



EXPEBDCENT X« 

On the 9th of April 1880, three bottles were pi'epared, each contain- 
incr two litres of the Lambeth Company's water, drawn on the same day. 
These were labelled AA,BB, and CC ; AA was left unpolluted, BB was 
|)olluted with 3*86 grms. of a typhoid stool obtained from Richard C. 
uQ the 9th of April. CC was polluted as follows : first, 3 * 86 grms. of the 
^me stool were added to two litres of the same water, and '308 grm. 
of chloride of sodium was also added. A filter was made by placing 
one end of a drain pipe, 2 feet long by 6 inches internal diameter, into 
an earthenware funnel of suitable size. The funnel was then filled with 
pamice stone and tow, and the drain pipe having been placed in position, 
it was filled to the height of 18 inches with clean sand. Through this 
iilter Lambeth water was passed for several days before it was us^, and 
on the 9th April, the day on which it was used for the experiment, 
'A litres of the water were passed through. After the 3 litres had passed, 
and the filter no longer dripped, the mixture of water, stool, and chloride 
of sodium was poured into the filter. The first half-litre which now 
passed was poured back into the filter. When this was done there was 
no fluid on the surface of the sand, for the whole of it had been soaked 
up by the sand. The filter was now allowed to stand until it had 
niiished dripping, and the water which passed was collected as sample 
CC. It was found to measure very nearly two litres. The three 
samples were sent on the lOth of April to Dr. Dupre for analysis, and 
the results are given in the following table : — 



Unpolluted water 

drawn on the 

9th April. 



BB. 

Two litres of water 

polluted with S- 86 

grms. of typhoid 

stool. 

Pollutions 135-1 i^rs. 

Of stool, or 11*308 

of dried stool 

perRsUon. 



CC. 



Two litres of water 
obtained from the 

filter under ciroum- 

stances mentioned 

in the text. 



AppoaruBoe - 

O^lour 

Depotii 

^'itroostoid- 

Phosphoricacid 

Colour of residue 

BehafUw of residue on 

inwtKm. 



Clear- 

Veiy pale greenish - 
Kone - - - 

None - • - 

Slight trace - 
VeiY slightly yellow- 

isn. 
Blackens Tery 

slightly. 



Very turbid - 
Brownish - 
Much 

Strong trace 
Very much - 
Brownish • 

Blackens very 

strongly. 



Clear. 

Almost oolourloBi. 

None. 

None. 

Trace. 

SUghtly yellowish. 

Blackena slightly* 
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App. B, No. 1. 

OnBfUDplesof 
Water punxwely 
ppUuteawith 
Bzerements^etc.; 
by Dt. Cory. 



Unpolluted water 

drawn on the 

9th ApriL 



Two litres of water 

pnllnted with 8-86 

grmo. of typhoid 

P6Untiaa»18S'l era. 

ofBtool.orir8m 

of dried itool 

pergmUon. 



CC. 



Twolitreaofwiter 

obtained tnm the 

filter under dreuxD- 

•taneee mentioiM^ 

faithetcit. 



GnUns per gallon. 



Oxygen abaorbed from per- 


om 


1-240 


0*279 


Total oury residue • ' - 


20-70 


25*90 


21*84 


Volatile matters • 
Fixed salts - 




1*68 


5*00 


S'8f 




19*02 


20-SO 


18-48 


Chlorine 




1086 


i-oes 


1-2M 


Nitric aoid • 




0*64 


Trace. 


0-u 


Ammonia - 




0000 


0*0924 


o-ooo 


Alb. ammonia 


0*0012 


00829 


0-0082 



With regard to the stool with which the two bottles BB and CC were 
polluted. It was obtained, as stated, from Richard C, on the 9th uf 
ApriL This man was admitted into St. Thomas's Hospital on the 
7th April. He was 26 years of age, and had been ill nine dajs. He 
was taking milk and beef tea, but no medicine. His temperature od 
the 8th had averaged 40° C. (104° F.), It was found that when 3 '95 
grms. of this stool were desiccated in an exhausted bell glass in the 
presence of sulphuric acid, the residue weighed *33 grm... The pre- 
portion, therefore, of solid dr^' matter contained in the fseces dried in 
this manner was as '0837 I 1, a proportion almost exactly that foonii 
in another stool mentioned on page 128 of this report. Now as BB con- 
tained 3 ' 86 grms. of stool in two litres of water, the proportion of solid 
dry stool would be 1 1 * 308 grains per gallon. This would include, of 
course, both soluble and insoluble matters ; data have, however, been 
given on page 129 to show that such a typhoid stool yields 6*1 percent, 
of soluble matters. Applying this percentage, we calculate that theiv 
would be about 8*24 grains per gallon of soluble matter added to sample 
BB. The reason for adding the chloride of sodium to the polluted 
water which it was intended to pass through the filter, was for the 
purpose of proving by its re-appearance in the filtered water that some 
of the polluted water had actually passed. 

It had been ascertained that the unpolluted water, previously passed 

through the filter, contained the same amount of chlorine afler as it did 

before filtration. A certain quantity of water was always retained bj 

the filter. When, therefore, the polluted water was poured in, the first 

water that dripped from the filter would be the previously retained 

unpolluted water. This, to the amount of half a litre, was therefore 

returned to the filter. As the event showed, however, this quantity was 

not sufiicient, for the amount of chlorine found in sample CC was odIj 

equivalent to 1*295 grains per gallon, and if from this we deduct the 

amount of chlorine contained in the unpolluted sample AA, we get '210 

grain per gallon, whereas the proportion of chlorine added before filtra- 

•210 
tion was 6 ' 54 grains per gallon, hence we conclude that ouly ^--j == 

6' 54 

'0321 of the polluted water was present in sample CC when sent for 

analysis. Instead, therefore, of the pollution being equivalent to 185*1 

grains per gallon of typhoid stool, as in BB, it would only be equal to 

4 ' 34 grains per gallon in CC ; and on the supposition that the soluble 

polluting materials passed through the filter in the same proportion aa 
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the chlorioe, we have theoreticallj the following quantities calculated App.b.No.i. 
from those found in sample BB, which for the sake of comparison are onSuni^or 



l»laced side hj side with those actually found in CC :-^ 

Theoretical. 



Oxygen absorbed from permaDganate - 

Total dry residae . . . 
VolJitile matters 

Fixed saUa . . . . 

Ditrieacid • • . . 

Ammonia - . • . 

Alb. ammonia - • . . 



2497 
- 21-07 
80 
27 



r l.| 



{ 



001 
0052 



Fonnd. 

•2790 
21-84 
8-86 
18-48 
0-56 * 
-000 
•0062 



It is to be observed, however, in the analysis of BB, that the amount 
of albuminoid ammonia is very small in proportion to the large amount 
of pollution. Compare the amount of albuminoid ammonia in analysis 
F (page 129) with BB. 



Water purpoBely 

E)Uat6dwith 
zoromentSyetc.} 
by Dr. Coiy. 



EXPSBDOCKT XI. 

On February 7th, 1881, three samples of water were prepared in 
bottles labelled DD, EE, and FF. 

DD contained only Lambeth water drawn from the eab-rank, West- 
minster Bridge Bead, on the 4th of February. 

££ contained 2 litres of distilled water, to which had been added 
2 CC of ^e-albumen. It was ascertained that 4 c.c« of this egg- 
albumen weighed 4 '292 grms., and when completely desiccated by 
being placed under an exhausted bell glass, together with a vessel con- 
taining strong sulphuric acid, it weighed *580 grm., hence 2 c.c. the 
amount of albumen added to sample EE, would weigh when desiccated 
'290 grm., and this would be equivalent to 10' 15 grains of egg- 
albumen per gallon. 

FF contained 2 litres ot the same Lambeth water as DD, and 2 c.c. 
of the same ^g-albumen aa EE. 

The. following is the result of Dr. Dupr^'s analysis : — 



DD. 



Lambeth water from 

Cab-rank. West- 
mingter Bridce Road, 
, February 4tD. 1881. 



9000 0/% of dintalled 

water, to whieb had 

been added 1 ca 

ofen^albumen. 

PoUatioQBio-U gn, 

of dried en-albumen 

pergallOD. 



rf. 

2000 C.C. of Lambeth 

water of February 4th, 
to which had been 
added 2 o.& of e^- 

albumen. Pollution 
equal to 10*15 lers. 

of dried egg-albuimea 
per gallon. 



Deposit • • 

Xitrona acid • 
Phosj^ioric acid 
<>>loiirofreiidQe - 
BebaTioar of retldue 
heating. 



on 



01< 

Brownish - 
None- 

None- 

Mttch 

Light brownish 

Blackens slightly 



Oijgen absorbed from per- 

suawaaate. 
Total d^reridue - 
r^«i«fti«i*<«ff f Volatile salts 
^^^'^""S^lFixedsalto. 
Chlorine 
Nitric aeid - 
Amflaonia 
Albuminoid ammonia 



tor. 

Grains per gallon. 
0-184 

SO-18 

16- S 
1-03 
0*28 
0-0000 
00112 



Turbid 

Very pale brownish 

Little. White flocu- 
lent. 

None - - - 

Very strong trace - 

White 

Much carbon sepa- 
rated. Strong 
smell of burning 
nitrogenous mat- 



0-781 

10-93 

9*8 

1-18 
•14 
None. 

0*0224 

0-597 



Turbid. 

Brownish. 

Little. White flocu- 
lent. 

None. 

Verv' strong trace. 

Light brownish. 

Much carbon sepa» 
Fsted. Strong smell 
of burning nitro- 
genous matter. 



0-901 

29*4 

11-43 

17-92 

1-16 

<r06 

0-0101 

0*6687 
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ACT. B. No. X, It is obvious that if egg-albamen suffers no other change from being 
On Samples of mixed with Lambeth water than it maj do from being mixed with 
poUu^ wl^^ distilled water, and if it produces no change in the impurities contained 
ExOTemeDtB,et«.; in the Lambeth water, then we ought to obtain the quantities given in 
^ EE by deducting the quantities given in DD from those giyen in FF : 

or obtain the quantities given in FF by adding those given in DD 
and EE. 

The following table shows the results when the latter is done : — 



by Dr. Cory. 





Calculated Amounts. 


Amounts fouDd. 




Oxygen absort)ed - 


'IM 


+ 


•781 = 0-865 


0*901 


Total dry residue - 


20-16 


+ 10-92 =81-08 


29*4 


rFized salts - 


16-8 


+ 


1-18 *: 17-92 


17-92 


Consisting of •] 






• 




(volatile salts 


8-96 


+ 


9-8 = 18-16 


11-46 


Chlorine 


i*oa 


+ 


•U = 1-16 


1*16 


Nitric acid • - - 


•28 


+ 


•0 = -26 


•06 


Ammonia • • - 


•0 


+ 


•0824 s -0224 


•8161 


Albuminoid ammonia 


•0112 + 


•897 - -6082 


•6587 



These results are therefore fairly consistent, except in the case of tbe 
nitric acid, which is more than four times less than the quantity calca- 
lated* This result appears also in other analyses and will be agaiu 
referred to. 



EXPERIMEKT XII. 

On February 15th five samples of water were prepared. The bottles 
containing these were labled GG, HH, JJ, KK, and LL. 

GG contained only Lambeth water drawn from house cistern on tbe 
14th of February 1881. 

HH, JJ, and KK were prepared as follows : — 

Four litres of the same sample of Lambeth water as G6 were poumi 
into a large bottle and 2 cc. of blood serum, which had separated bm 
some human blood obtained on the 14th February were added. Tbe 
large bottle was shaken up and 2 litres of the mixture were then trans- 
ferred to a Winchester quart bottle and labelled KK. To the remainder 
of the mixture another litre of the same Lambeth water was added a&<i 
shaken, and two litres of this diluted mixture were transteired to a 
Winchester quart bottle labelled JJ. The remainder of the diluted 
mixture was further diluted by adding another litre of the samo 
Lambeth water to it, and the whole of this, consisting of 2 litres, wa& 
transferred to a Winchester quart bottle labelled HH. Thus KK con- 
tained 1 cc. of blood serum in 2 litres of Lambeth water, JJ contained 
f cc. of blood serum in 2 litres of Lambeth water, and HH contained 
I CO. of blood serum in 2 litres of Lambeth water. 

Four cc of the same blood serum as used above weighed 4 * 124 gnnst 
and when thoro^j^hly desiccated under a bell glass in the presence of 
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sulphuric add they weighed *436 grm., hence KE contaitied * 109 gnn. A pp. b. No.i. 
of solid dry semm dissolyed in 2 litres of Lambeth water, equivalent to q^ ga^i^ of 
3'81o grains per gallon; JJ contuned § of this amonnt, that is, Waterpurpoeeiy 
2*543 grains per gallon ; and HH contained | of the amount, that is, ^'^IS^en&W; 
1 • 272 grains per ^on. ^ !>'• Oonr. 

LL was prepared as follows : 

Two CO. of blood seram were added to 198 c.c. of distilled 
water, and 100 cjc. of this mixture were then poured into a litre 
measure, which was filled up with distilled water to within 200 cc. 
of the litre mark. 20 cc. of normal nitre solution (prepared by 
dissolving 1*011 grains of nitre in 1000 c.c. of distilled water) were 
then added, as well as 50 cc. of standard solution of chloride of (»ldum 
(prepared by dissolving 1 grain of Iceland spar in hydrochloric acid, 
evaporating the solution to drive off excess of hydrochloric acid, and 
then dissolving the residue in as much distilled water as made the 
vsolation measure 1 litre). After these were added the litre measure 
was filled up to the litre mark, and the mixture was transferred to a 
Winchester quart bottle. Lastly, another litre of distilled water was 
poured into the Winchester quart bottle. 

LL, therefore^ in the volume of 2 litres contained distilled water 
poUnted with 1 cc of blood serum, that is, with * 109 grm. of solid dry 
semm, equivalent to 3*815 gnuns per gallon ; with 20 cc. of normal 
nitre solution (containing I'OU grms. in 1000 c.c. of distilled water), 
that is, with '02022 grm. of nitre, equivalent to *7077 grains per 
gallon ; with 50 cc of standard solution of chloride of calcium (con- 
taining 1*65 grms. of CaCl2 + 3H2O* in 1000 cc. of distilled 
water), that is, with '0825 grm. of CaClj + SH^O, equivalent to 
2*8875 grains per gallon. 

The amount of nitric acid (N^Os) in a water containing '7077 grains 

28+80 
of KNOj per gallon is 39.24.144.48 ^ '7077= '378 grain per gallon. 

The amount of dilorine in a water containing 2*8875 grains of 

71 
CaCla -h 3H2O per gaUon m 404.71 4.54.48 x2* 8875=1 '273 grams 

per gallon. 

The amount of chlorine in '0545 gnn. of dried blood serum was 
ascertained to be '002 grm., hence the serum added '14 grain of 
chlorine per gallon, which must be added to obtain the total amount o£ 
chlorine pollution in sample LL. 



* The water of ciystallization retained by the CaClj when dried at 100"* C. was 
determined ^d found to be three equivalents. 
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GO. 

LomlieUiWater 
firom C3iflterD» 

Pebruary H 
1881. 



2000 0.0. of Lun- 

beth Mrater+ 

\ CO. of blood 

serum 
sl*878 mins 

per gallon 

of dried blood 

aenim« 



JJ. 



SOOO ex. of Lam< 

bethwater+ 

I CO. of blood 

aenim 
S2-648 mins 

per gallon 

of dried blood 

senim. 



9000 C.C. of Lam- 
beth water+ 
10.C. of blood 

aarum 
88*816 mins 

pergaUon 
of dried blood 



jpergifiaD. 
1929ex.Qfdi9laQi!d 

wateT'V'l 0.& of 

blood acmmi • =S*<)1> 
+50ocofs(andtid 

aohi^oB of dilo* 
. ride ofeatonUB • =f '^7^ 
-i-20 cc of nonnil 

nitre tohilian • b 'TVT, 

TofealsoUddin^.-.^jg 
sample •/" 



Nitric add poUo- 
tkm contained io 
llie nitre • = ST* 

Chlorine poUutioa 
ff«7 ntftftfyMi intiie 

chloride of cal- 
cium " - ^I'f^ 
+ '14 grain con- 
talned in the 
blood aerom - ^I'Ci 



oe 



Appeann( 
Colour - 



Deposits 
Niopousaoid - 
Phosphoric acid 
Colour of resi- 
due. 
Behaviour of 
residue on 
heating. 



Clear • 
Bather ,deep 

brownish. 
None - 
None - 
Strong trace - 
Brownish 



Slightly turbid- 
Bather deep 

brownish. 
Trace - 
None 

Very strong traoe 
Brownish 

Blackens very 
strongly and 
evolves smell of 
burning nitro- 
genous matter. 



Turbid • 
Bather deep 

browlEdsh. 
Trace - 
None 

Stronff trace - 
Brownish 

Blackens strongly 
and evolvea 
urinous smelL 



Slightly turbid- 
Bather deep 

brownish. 
Trace - 
None 

Teiy strong trace 
Brownish 

Blackens very 
stroni^ and 
evolves smell of 
burning nitro* 
genona matter. 



Tery tortiid. 
Yery pale btowuilL 

None. 
None. 

Strong trnceb 
Brownisb. 

Blackens very rtnwrtr"^ 
evobes smell ef niniis 

nitrogenooi mattar. 







Qrains per gallon. 






Oxygen ab-*) 












sorbed from ( 


0*14 


0-844 


•878 


-463 


-897 














nate -) 












Total diyresi-) 

due - •.' 


19*6 


ii-os: 


98-94 


94*86 


•788 


Consisting of: 












Volatile salts 


1-96 


8*06 


4*76 


8-98 


8-04 


Fixed salts - 


17*94 


18*46 


18*46 


18*48 


8*89 


Chlorine 


1*U 


1-14 


1-18 


1*18 


1-9B 


Nitric acid - 


-68 


0-47 


0*89 


0-17 


0*06 


Ammonia • 


'0014 


'0014 


0-0064 


0*0066 


OOOW 


Albuminoid 


-0119 


0*1406 


0*8084 


0-4197 


0'206S 






« 









* The calonlated weight of dry residue was 7*4108 grains per gallon. 



Now it is dear that if the inorganic salts contained in LL produce no 
change in the condition of the organic matter, t.e.9 the albumen, con* 
tained in it, we should expect to find that the chemical tests used for the 
determination of the amount of the organic material would indicate the 
same amount in LL as in KK less that contained in G6. 

The following table gives the actual result :^ 



KK minus 00. 




LL. 




Oxygen absorbed from permanganate • 

Vohttaesalt 

Albuminoid ammonia ... 


-888 
8*98 
'4016 


*897 
6*04 
-9006 


CThis difference may be PsH^ 
} due to 1 eauivalent of M 
J which would be drirvn w 
(. f rom tbe OaCls on IgniUoc 



From the above calcalation it here appears that the4>ermangan8te 
process gave better results than the albuminoid process. 



I4d 

If the inoigaoic salts contained in a water do ufTect the tests whereby App. b. No. l 
It is sought to determine the amcnnt of organic matter contained in it, on samples of 
the fact becomes of importance when these tests are applied to waters ^^Jl?^^^ 
<;oDtaining large quantities of these salts, as in the case of manj deep- ixcr«iDento,etc.i 
well waters. *>y ^' ^^^^' 

Another point to be observed is the apparent disappearance of the 
nitric acid from the samples, as the amoant of albumen in them is 
mcreased. The gradual diminution in samples HH, JJ, and KK shows 
this very well, and in sample LL the ' 378 grain per gallon contained 
in it is apparently reduced to *06 grain per gallon. 

EXPESIKENT XIII. 

On the 20th May four samples were prepared, MM, NN, 00, PP. 

MM consisted of Lambeth water of the 20th May from house cistern. 

NN consisted of 5760 c.c. of distilled water to which were added 
SO C.C. of a solution of egg-albumen made by mixing 5 c.c. of the egg* 
albumen with 50 c.c. of distilled water (4 c.c. of this egg-albumen evapo- 
rated to dryness weighed *58 grm. ; and '0725 grm. of the dried 
albumen contained *0019 grm. of chlorine), 150 c.c. of standard solution 
of chloride of calcium, and 60 c.c. of normal nitre solution, both the 
latter solutions being prepared as in the foimer experiment. 

00 consisted of 6 litres of Lambeth water of the 20th May 1881, to 
which had been added 3 cc of urine of sp. gr. 1028. 

FP consisted of 6 litres of Lambeth water to which had been added 
60 cc of the filtrate from a typhoid stool (1 grm. of stool mixed with 
100 cc. of distilled water and filtered). Five grms. of this stool, which 
was a very loose one, were evaporated to dryness, and the residue was 
found to weigh * 29 grm. The filtrate from 5 gimr. of the same stool, 
obtained by mixing 5 grms. with 500 cc. of water and filtering through 
filter paper when evaporated to dryness weighed • 1 grm., and the 
insoluble residue on the filter weighed * 184 grm. 

A Winchester* quart bottleful of each sample was sent, one to Dr. 
Dupre and another to Dr. Frankland, on the same day for analysi:«, and 
every care was taken that the bottles were chemically clean before they . 
were filled. 

Hie foUowing table gives the results of their analyses : — 

The amounts per gallon of the polluting materials are calculated from 
tbe data given above. 
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In the above analyses there are one or two points to notice, and one app« b. No. i. 
is the apparently very good results that Dr. Frankland's methods for the On Sunplet of 
estimation of organic carbon and organic nitrogen gave. Thus sample SlSeS w^*^ 
NX consisted of distilled water polluted with albumen which contained jaxcreiiieoti,etc.« 
carbon and nitrogen in the proportion of about 10 to 3, and accordingly ^y ^''Cofy. 
we find this proportion nearly maintained, viz., 1*5<582 : 0*4672. 

Again, sample 00 was llambeth water polluted with urine, and if 
we deduct the organic carbon and nitrogen which the Lambeth water 
contained &om that which sample 00 contained, we obtain * 1764 for 
the organic carbon, and *4305 for the organic nitrogen which were 
presamably added to the water by the urine ; and as urea, the chief 
organic constituent of urine, contains carbon and nitrogen in the pro- 
[jortion of three to seven, we accordingly find this proportion nearly 
maintained, viz., "2835 : -4627. 

In the same connexion, it is proper to call attention to the practical 
identity of the results given by Dr. Frankland in his published analysis 
of Lambeth water of May 10th, and in his analysis made for this 
report of Lambeth water of May 20th. The differences between the 
two are no greater than would be expected (without any allowance for 
experimental error) actually to exist between two samples of the same 
water taken at 10 days interval, the one from a (clean) cistern, the other 
from a main. 

A third point of considerable interest is to be noticed. It has already 
l)een shown that the amount of nitric acid in a water as indicated by the 
indigo process is decreased by the addition of albumen to the water, and 
that the more albumen added the less nitnc acid do we find. Dr« 
Fiankland's method of estimating the amount of nitric acid is not, how- 
ever, open to the same objection, for he found in sample NN, which 
contained albumen, almost as much nitric acid as the sample was 
l)olluted with, but Dr. Dupr^ with the indigo test only found a trace. 
It would therefore appear that the presence of albumen in the water 
interferes with the indigo test, and prevents it indicating the true 
amount of the nitric acid present. 

Subjoined are notes by Dr. Frankland,* and some observations 

* Dr. Frankland notes : — ** Sample NN was clear at first, but soon became 
milky and deposited a sediment which contained moving and other organisms in 
great abundance and sparsely distributed fungoid growths. The microscope showed 
in this i4edim«nt crowds of motionless bacteria and large cylindrical cells filled with 
f^ranalar substance. These last were entirely different from any organisms I have 
tTer before observed in water. 

" Although it contained only a very moderate proportion of solid matters in solu- 
tion and was very soft, it was so excessively polluted with highly nitrogenous organic 
matter as to infringe, both in respect of organic carbon and organic nitrogen, the 
Mmewfaat laz standards of the Kivers Pollution Commissioners. It was therefore 
coudcmned by those standards as inadmissible into running water. This being the 
ca>^?, it was, of course, quite unfit for dietetic purposes, and would be condemned as 
A dangerous water. 

*' Sample 00 contained about the same proportion of solids in solution as Thames 
water, and was of about the same degree of hardness, but it was polluted with very 
lughly nitrogenous matter, contain^ a very large proi)ortion of ammonia, and 
exhibited considerable evidence of previous animal contamination. I should condemn 
this water as quite unfit for dietetic purposes. It was the only sample which contained 
nitrites, but these were present in very muiute quantity only, and no moving or 
Whet organisma were fonnd in it. 

*• Samples PP and MM were very much alike, except that PP contained rather a 
^ge proportion of ammonia. They both contained moving organisms and a 
ni'jderate amount of organic impurity, and with the exception of the ammonia in 
PP which, however, is not very material, and the highly nitrogenous character of 
the organic matter, there is nothing in these samples which would lead me to class 
^m as inferior to the better sorts of Thames water delivered to consumers in 
LoQdoo." [July 17, 1881.] 

K 2 
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App.b. No. 1. by Dr. Dupre,* on the results of their an&lyses of the polluted 
OnStt^^esof waters. 

Water purpoaely 
polluted with 

Bxcremenbi.etc.; EXPKRIMENT XIV. 

by Dr. Cory. 

In experiment X. it was found, when intending to pass a polluted 
sample of water through a filter of sand, that onlj a very small 
portion of the polluted water did so pass, the rest renudned in tho 
filter. The present expeiiment was undertaken, therefore, to ascer- 
tain the conditions under which a polluted sample could be passed 
through a filter and collected. A filter was prepared by taking a dnuu 
pipe six inches in diameter and two feet long; its unflanged end was 
inserted into an earthenware funnel of suitable size, the funnel haring 
been previously partially filled with pumice stone and tow, to prevent 
the sand being washed through. When this had been done tlie drain 
pipe was filled up to within 3^ inches of the top not reckoning the 
flange, with clean dry sand ; it took 10600 cc. of sand to do this ; 
6000 cc. of tap water were then poured into the filter, and the sand 
thereupon settled down Ij^ inches. In 16 minutes the water began to 
drip from the funnel, and in 24 hours from this time 2998 cc had 
passed, and the filter had ceased to drip. It was clear, therefore, that the 
filter retained 3002 cc. of fiuid. Next a solution of salt (I^aCl) wa^ 
prepared of such a strength that 1 cc contained '01 grm, of chlmine; 
10 cc of this solution were added to 1990 cc of ti^ water^ which 
itself contained chlorine in the proportion of 1*4 grains per gallon; 
hence the proportion of chlorine in the sample would be 4*9 grains per 
gallon. 

This sample was now poured into the saturated filter, which there- 
upon began to drip immediately, and in 40 minutes 1500 cc had passed; 
70 cc. of the last of this filtrate were taken and found to contain 
chlorine in the proportion 1*6 grains per gallon; the rest of it was 
returned to the filter. In another 15 minutes 850 cc more water had 
passed ; 70 cc of the last flowing portions of this filtrate were taken 
and found to contain chlorine in the proportion of 1 * 8 grains per gallon ; 
the rest of it was returned to the filter. In another 17 minutes 750 cc. 
more water had passed, and 70 cc of the last flowing portions of this 
filtrate were taken and found to contain chlorine in the proportion of 4'2 
grains per gallon. The rest was returned to the filter. After this the 
filter was left to stand for the night, and the filtrate that passed was 
collected. In the morning it was found that 1745 cc had passed, and 
it was ascertained that 70 cc. taken from the 1745 cc. contained CI in 
the proportion of 4' grains per gallon. Some more tap water was then 
added to the filter, which began to drip immediately afterwards, and 
the first 70 cc that passed was found to contain Ci. in the proportion of 
only two grains per gallon. 

* Dr. DapnS explains the large excess of '* organic carbon " f<»cuid bj Mm orrt 
that fonnd by Prof. Frankland by having, for the first time, in the abore analyses, ns^ 
Bulphoroua acid instead of phosphoric acid, for adding to the water under ezanuna- 
tion, and that he oTf»rlooked Prof. Frankland's direction, to boil the water for a 
short time after the addition of the snlphurona acid, in oonseqaence of which 
omissions he says the organic carbon he found is too highly represented. 

Dr. Dupr^ also directs attention to the amount and nature of the polluting matters 
being such as to bring out to the best adyantage Prof. Frankland'a proeess as 
contrasted with the albuminoid ammonia process. Granting this to be the ciae, yet 
it must not be forgotten that the polluting substances were of a yery usual sort and 
that a previous knowledge of the amount and nature of the poUatins material is 
seldom had by the analyst. At any rate it is certain that the aptitude of tb« 
pollution to find expression by one or another method was altogether undesigned* 
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From the above it is clear that the great bulk of the sample of water app. b. No. i. 
containing the chlorine began to pass after about 3000 c.c. of the water ^^ g-,3" ©# 
previonslj retained by the filter had passed, and that very little miztare Wftterpn^poaely 
of the waters in the filter took pUkce, the one water only displacing the SllSwenS^itc.; 
other. by Dr. Cory. 



Experiment XV. 

On the 20th March two samples were prt* pared, QQ and RB. They 
were prepared as follows : — 

The same filter was thoroughly washed by passing Lambeth water of 
the 20th March throagh ir, and when this had been done three litres of 
Lambeth water of the 14th February were poured in; after this whoi 
three litres had passed it was considered that the water retained by the 
filter consisted mostly of Lambeth wnter of the 14th February. Next 
1983 cc. of Lambeth water of the 14th February, to which bad been 
added 15 cc. of salt solution (equivalcitt to 5*25 grains of chlorine 
per gallon) and 2 c.c. of egg albumen, were now poured in, and the 
next two litres of water that passed were collected ibr sample QQ. 
Two more litres of the Lambeth water were next added to the filter and 
the next litre of water that passed was returned to the filter, and the 
following two litres were collected for sample RR. It was observed in 
collecting this latter sample how very slowly the water passed through 
the filter. From the method used in preparing the samples it was- 
anticipated that sample QQ would consist mainly of Lambeth water of 
the 14th February, and sample RR of the same Lambeth water, bat 
containing a large percentage of the salt which had been added, and as 
much albumen as the filter would allow to pass. The following table 
gives the results of Dr. Dnpre's analysis of these samples, to which has 
been added for the purpose of comparison the results of the analysis of 
Lambeth water of the I4th February, but which was made on the 15th 
of February, and not at the time when the above experiment was made. 



Lambeth inter of 

14th February from 

Uoiue Gislem, 

aimlyaed 15th 

Febrtnry. 



QQ. 

(See taxi.) 



Two litres of 

Lambeth wmter of 

14th February from 

House Cistern, kept 

in filled Winclieflter 

qiuurt bottle, analyeed 

Mnrch 21st. 
Passed through filter. 



Appearance • 

Colour 

I>epQsit 

^tirotis add - 

Pkogphorie acid 

Colour of residue 

BehsTioar of residue 



on 



Oiygen absorbed flrom per- 

mananale. 
Total ^7 residao - 

Chlorine 
Nitnc acid - 
A.nunonia • * 

Albuminoid ammonia 



Clear ... 
BaUierdeep brown 
Xone - - - 

None ... 
Stronir trace 
BrowniMh • 



Very slightly turbid 
Pale brownish 
Slight trace - 
None - - - 

Slight trace - 
Yellowish brown - 
Blackens very per- 
ceptibly. 



Grains per gallon. 
0*14 ! 



i9'e 

1-96 

17'S4 

1-U 

*SS 

•0014 
•0112 



RB. 

(Seetert.) 

Mixture oontainins 

in gallon of Lambeth 

water of Feb. 1^ 

38*4 grains total 

solids, vis. : 

19*6 solids of water. . 

10-16 solid dry 

albumen. 
8-66 NaCl. 
Two litres of this mix* 
ture passed through 
Alter and examined. 



Very 8lightl;3r turbid. 

Pale brownish. 

Slight tnce. 

None. 

Strong traoe. 

Yellowish brown. 

Much carbon sepa- 
rates, slight smell 
of burning nitro* 
genoos matter. 



0*106 


0-171 


tO-02 


29'9S 


2-10 


4*20 


17-93 


25*76 


1-07 


6-01 


0*62 


0-89 


0*0112 


0*0112 


0*0084 


0*0647 
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App. b. No. 1. From the above analyses it would appear that the filter retained mo^ 
On Samples of of the albumen, but allowed the inorganic salts to pass. Indeed it acted 
TOUiftecf wit?^^^ as an imperfect dialyser, separating the colloid substances from tk 

Excrements, etc.; crystalloids. 
by l>r. Cory. "^ 

MiCBoscopic Obsebvations. 

In addition to the foregoing obserrations made on the microscopic 
appearances of liquids in the course of various experiments, Mr. Stewart 
has made some other notes and drawings on a number of parpo^el7 
inoculated liquids of one and another kind ; but hitherto without 
important affirmative result. 

I now pass to consider what general conclusions appear to bejostifie^l 
by the foregoing experiences. 



General Conclusions to be drawn from the above Analyses as to the 
Valtte of the different Methods usually employed for the estiiM- 
tion of the amount of Organic Matteh contained in Water ; namelv, 

(1.) The oxygen absorbed from permanganate of potash. 
(2.) The albuminoid process of Messrs. Wanklyn and Chapman. 
(3.) The estimation of nitric acid. 

(4.) The processes for estimating the organic carbon and orgtvnic 
nitrogen. 

Firstly with regard to the permanganate process.* — This method a^ 
usually conducted and known as the Forchammer process is not satii* 
factoi'y. Applied to the examination of waters polluted with difering 
amounts of the same organic material, it does indeed tell the direction 
of the difference and even give some indications of the relative araounts. 
But for the process to show as much as this, it is important that thr 
circumstances of the several samples shall have been identical {s^f 



♦ The following table has been drawn up to save the reader some references to tfc« 


text of earlier analyses (A line among the figures signifies " no obserTation *0 : — 










Resulting increments, in grains per gtlKc. 




Nature of 
Pollution. 


Inten- 
tional 
pollution. 

Grains of 


Estimated 

amount of 

solid dry 

soluble 

matter. 








Analysis 
treferred to. 


Of solid 


Of album- 
inoid 
ammonia. 


Of oxygen 

absorlied 

from 


Of 






stool per 
gallon. 


Grains per 
Ration. 


dry 
residue. 


perman- 
ganate of 
potash. 


chlortse. 


Ex. i. 


Typhoid stool 
Healthy stool 
Typhoid stool 
Ditto - 


1-75 


•106 


•0 


•002 


_ 


•0 


Bx. V. 


1-76 


•106 


•66 


'0059 


•1717 


•0 


Ex. i. 


3-5 


•21 


•28 


•0048 


— 


•0 


Ex. ii. . 


8*5 


•21 


•28 


•0046 


•1481 


•u 


Ex. iii. - 


Ditto - 


3-5 


•21 


•28 


•0021 


•0070 


•)«:• 


£x. T. 


Healthy stool 


8-5 


•21 


•84 


•0216 


•1583 


•07 


Dupr«. P. - 
Franktand 


Typhoid stool 


3-5 


•21 


•66 


•001 


0097 


•0 


Ditto - 


8-5 


•21 


'392 


— 


._ 


-•»»7 


Wanklyn - 


Ditto - 


3-5 


•21 




•0014 


— 


Ml 


Ex. iii. - 


Ditto - 


487 


•267 


•28 


•002 


•1671 


•07 


Ex. ii. . 


Ditto - 


5-25 


•32 


•14 


'0084 


•1641 


•0 


Bx.vii. . 


Ditto . 


7- 


•4-27 


•0 


•0027 


•owo 


-•033 


Ex. iii. . 


Ditto - 


8-7 


•638 


•28 


•0138 


•1986 


•ffl 


Ex. vii. . 


Ditto - 


14- 


•85 


•66 


•0073 


•0600 


•0 


Ex. z. 


Ditto - 


135'1 


8-24 


5-20 


•0287 


1023 


•0 
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analyses KK and LL) particularly that one shall not have been kept app. b. No. 2. 
longer than the other (sec experiments IV. and VI.). The Forchammer on Samples of 
process does not give more than this indication of relative amount. WaUr purposely 
The test affords no indication of the total amount of oxydizable material ^cromenulcto.-, 
contained in the water and cannot therefore be employed in comparing ^y^'^-Gory- 
water from different s6urces. 

A parallelism has been pointed out, found in the examinations of 
the lliames waters, between the oxygen absorbed from permanganate 
of potash and the organic carbon as determined by the combustion 
process of Dr. Frankland, but it is certain this parallelism can only 
hold so long as the inorganic as well as the organic imparities contained ' 
in the water remain of the same kind varying only in quantity. But 
the process would appear to be capable of improvement, and I annex a 
paper by Dr. Dupr6 containing proposals for its better application in 
future. 

Secondly^ with regard to the albuminoid ammonia process of Messrs. 
fVdnkfyn and Chapman. — (a.) This again may be trusted to show which 
of two samples of water is the more polluted, when the polluting 
material contained iii each is of the same kind ; also in that case, and 
when the absolute amount of polluting material is not great, it is capable 
of determining the relative degree of pollution in a number of samples.* 

(&.) But when the polluting material is in large absolute quantities a 
given difference in the extent of pollution is not indicated by correspond- 
ing difference in the yield of albuminoid ammonia. (Sec Table, page 1 54, 
note ; and see details of experiments.) 

(c) Equal amounts of albuminoid ammonia may be furnished by 
extremely different quantities of nitrogenous polluting material, and con- 
versely extremely different quantities of albuminoid ammonia may be 
furnished by one and the same quantity of nitrogenous polluting 
material ; and this is the case even though the polluting substances 
differ no more inter se than one typhoid stool differs from another 
typhoid stooL When a typhoid stool is compared with a healthy stool 
obtained under somewhat similar conditions of diet, water polluted with 
the healthy stool yields to this process a larger amount of albuminoid 
ammonia than water polluted by the same quantity of typhoid stool. 
(Compare experiments I. and V.) 

(d.) The dassilication of waters, given by Messrs. Wanklyn and 
Chapman on page 68 of their work on water analysis (oth edition) is 
calculated to mislead in a very dangerous way. ** Drinking water," it is 
thei-e stated, '* falls into three classes according to the degree of organic 
purity," and class I. comprises " water of extraordinary organic purity 
" yielding from O'OO up to 0*05 parts of albuminoid ammonia per 
" million." . . . . " Water of this class cannot be objected to 
'* organically." Yet the pollution of a gallon of water by all the soluble 
and finer particulate matter from 3*5 grains of typhoid stool is repre- 
sented in Mr. Wanklyn 's own hands, by no greater increment than * 02 
part of albuminoid ammonia per million of water. (Sec experiment IX. 
and footnoteO 

* It may he 'said, indeed, that Mr. Wanklyn does not profess more than this for 
his method. In an append^ to the fifth edition of his work on water analysis, com- 
mencing on page J 56, he seeks to show how differently different organic nitrogenous 
sabetanoes behave when treated with a Rtrong alkaline solution of permanganate of 
potass ; some giving up the whole of their nitrogen as ammonia, some a half, one a 
third, another a quarter, and pure area, he says, gives up none. This behaviour of 
QFea has been the subject of two sub-experiments annexed to experiment IV. of this 
report, to which I would refer. 
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App. B. No. 1. Thirdly^ as respects the estimcUion of nitric acid. — Dr, Dupre has 
OnSampiesof chiefly made use of the indigo process with this object. Theresnltfr 
Waterpurposely woold seem to exhibit a reduction in the amount of nitric acid contaioeil 
^xcremen^etc.; ^^ ^^^ Water, as a consequence of the addition to the wat^ of sucb 
by Dr. Cory. polluting materials as typhoid stool, urine, egg-albumen, aud blood- 

serum. Comparison of the quantity of nitric acid detected by Dr. 
Dupr4, and that discovered by the method employed by Dr. Frankland, 
gives a preference to the latter. Dr. Frankland^s process decompo$ec 
nitric acid into nitric oxide, and determines its amount by the qnantitr 
of gas evolved. 

As regards, fourthly^ the processes for determining orgame carboft 
and organic nitrogen,* it is to be observed in the first place that tbey 
differ from all three of the other methods that have been put to the 
proof. Whereas those methods btise their claim to oonsideratioo 
principally upon their furnishing means of recognising the greater or 
less relative quantity of organic material present in water, and proceed 
upon some broad general assumptions about the character of thai 
material ; the following processes claim to tell the absolute qnaatitj of 
carbon and nitrogen contained in the oi^anic matters of water ; and, of 
course, therefore, when the composition of an organic substance is known 
they should be able to tell the actual amount of that substance that has 
been added to a given quantity of water. 

The question to be considered for these processesi then, is bow £v 
do they really achieve their profession?, and with what degree of cod- 
fidence may we go on to reason from the actutU quantities of carbon and 
of nitrogen, from the relations between the two elements, and so forth. 
We will first consider the results of the analysis of sample NN, in 
experiment XIII. lliis consisted of distilled water, to a gallon of which 
' ' ■ ■ ■ .11 ■ I II ^ 111. ■ '- 

* Dr. Dupr^'s method of determining the amount of or^nie carbon consists in 
evaporating a sufficient quantity of the water acidulated with phosphoric acid to 
dryness in a (»Uver foil vessel. The vesitel is then crumpled up and tmnsferred to a 
combujition tube. The tube is then filled up with granulated cupric oxide and 
heated to redness while a stream of oxygen is transmitted through it. The isisuiug 
gases are conveyed into a Pettenkofer*s tube charged with a perfectly clear sohitioB 
of baryta water. In this way all the *' organic carbon ** is given off in the form of 
carbonic acid and the latter combining with baryta is precipitated as carbonate of 
baryta. The carbonate of bar}'ta is then collected on a filter and dissolved in dilate 
hydrochloric acid. Dilute sulphuric acid is then added to the solution and tbt: 
resulting sulphate of baryta is dried and weighed. The result divided by 1!^'4 
gives the quantity of organic carbon present. 

To determine the amount of ** organic nitrogen " a separate quantity of the wit<t 
is taken and evaporated to a small bulk ; a sufficient quantity of sulphuroas acid tad 
ferrous chloride is then added to decompose nitrates, and the evaporation is tbeo 
completed. The residue is transferred to a silver boat and mixed with caustic 
soda. The boat is then introduced into a combustion tube, which is heated to redoe^s 
while a stream of hydrogen gas is passed through it. The resultiug gases are theu 
conveyed into an absorption apparatus, charged with dilute hydrochloric acid, whidi 
retains the ammonia as chloride. The amount of ammonia is then estimated br 
Nessler*8 test. 

Dr. Fraukland*s method of determining the organic carbon and organic nitn)goB 
consists in evaporating a litre of the water acidulated with sulphurous acid to dryne*^. 
The residue is transferred to a combustion tube which is then filled up with cnpric 
oxide. The tube is next exhausted by means of a form of l^prengel's pump and 
when the exhaustion is complete the tube is heated to redness. Tlie resulting gmse>, 
consisting of carbonic acid, nitrogen, and perhaps nitric oxide are conveyed into i 
gas-analyris apparatus where their aggregate volume is determined over mercurr. 
After this has been done the gases are brought into contact with a few drops of a 
strong solution of caustic potass ; by which means the carbonic acid is absorbftl. 
The volume of gas which now mainlj consists of nitrogen is again noted. Kcaos are 
next taken to ascertain the volume of nitric oxide, if any is present, and from the data 
thus obtained the amounts of organic carbon aud nitrogen are calculated. 
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3*595 grains of certain inorganic salU and 6 '07 5 grains of dried tigg' App.b. No. i. 

albumen had been added. As both Dr. Dupr^ and Dr. Frankland give on gampies of 

the totel solid residae at 7*84 grains per gallon, it is probable that the ^^^l^^S^^^ 

difierenco between this amount and the total 8*67 grains known to £xorements,etc.; 

have been added is a real difference, due to subsidence of the delicate ^ ^^' ^^' 

membraoesy in the meshes of which the albumen is contained in eggs. 

If 90, there remained 4*245 grains of dry albumen to account for. 

Now, on Lieberkuhn's formula for albumen (HNaC72HiioNjgS022U20) 

every 1116 parts by weight of carbon and nitrogen together represent 

I6o2 parts bj weight of dry albumen. Wherefore, Dr. Dnpr^'s total of 

3*219 grains of carbon and nitrogen together would count for 4 '76 

grains of albumen per gallon, and Dr. Frankland's 2*04.54 grains of 

carbon and nitrogen together would count for 3*03 grains of albumen. 

Dr. Dupr^'s process therefore would seem to give the amount of 

ttlbumen as rather more, and Dr. Frankland's to give it as rather less, 

than it is known to have been. 

Farther, on the same formula, the ratio by weight of carbon to 
nitrogen contained in albumen is as 24 to 7. By Dr. Dupr6*s analysis, 
the ratio of organic carbon to oi|^nic nitrogen in sample NN was as 
24 to 5* 2, and by Dr. Frankland's analysis the ratio between the same 
element in the same sample was as 24 to 7*5. It would appear, there- 
fore, that the organic carbon is somewhat over-estimated bj Dr. Dupr^'s 
analysis. 

To pass to the analysis of sample 00. This consisted of Lambeth 
water polluted with urine of spectnc gravity 1028, in the proportion of 
5 CO. in ft litre of water. This would be (on the customary method of 
reckoning the solids in urine) equal to 2*347 grains of urinary solids in 
a gallon. The increment of impurity resulting from this pollution was 
not shown to Dr. Dupre by any increase of total solids in the water, but 
(besides being shown as ammonia) it was evidenced by ' 448 gr. incre- 
ment of organic carbon and * 527 grain increment of organic nitrograi. 
Dr. Frankland found the evidences of the same amount of the same 
impurity to consist in an increase of total solids by 1*008 grains, an 
increase of organic carbon by '1764 grain, and of organic nitrogen by 
'4305 grain. 

On these results it is to be observed, first, that it was not to be 
anticipated that the total solids should be discovered by the usual 
process, since that involved the evaporating of the sample and much of 
the nrea of the added urine must have been lost as ammonia ; especially 
would this be likely to have happened if the water was kept a 
day Of two to allow of settling before being analysed ; but the slight 
reduction of total solids reported by Dr. Dupr6 in the polluted as com- 
pared with the unpolluted sample of water is not explained by this con- 
sideration. Secondly, it is noteworthy that the increase of total solids 
detected by Dr. Frankland corresponds fairly with the amount that 
would be calculated from the increments of organic carbon and organic 
nitrosen as discovered by his process, if the total solids be reckoned as 
urea [(-1764+ '4305) X 1-5=: '9103, which is not greatly different from 
1*008]. The increase of these two elements reported by Dr. Dupr^ is 
larger, bat there is no increment of total solids with which to compare 
it. Then, thirdly , as regards the ratio between organic carbon and 
organic nitrogen : — ^In urea it should be as 3 to 7, and it would not be 
very dissimilar in the case of the total solids of ihe urine. Dr. Frank- 
land's process showed the increments of organic carbon to hold 
to the increment of organic nitrogen the ratio of 3 to 7*3; but this 
I'&tio as deduced irom the increments on Dr. Dupre 's process was as 3 to 
3*52. In analysis 00, therefore, equally with analysis NN, it would 
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App. B. No. 1. appear that Dr. Dupre's process gives an erroneous ratio of organic 
On Samples of carbon to oi-ganic nitrogen by over-estimating the former. 
uoflutecP^^*^^ It would not be wise to generalise much from tlie results of these two 
Cerements, etc.; analyses ; but, leaving regard to the intentions of the method^ to deal 
by Dr. Oory. ^^|j ^j^^ ^^^j elements of organic matter, it is probably permissible to 

form a jud<?ment on it, without any great variety of experiments. AihI 
the impression conveyed to mo by the results of these processes for the 
determination of organic carbon and organic nitrogen is to prefer them 
to the processes which aim at bringing into simpler combinations the 
various elements of organic substances, and at deducing the qaautitie< 
of these substances from the quantity, actual or inferred, of those com- 
binations. Particularly, I am disposed to esteem the process of deter- 
minining organic nitrogen as employed by Dr. Duprc, and the proces^^^ 
for estimating the organic carbon and organic nitrogen made uso of h] 
Dr. Frankland. 



APPENDED NOTES. 



I append notes by Mr. Stewart and Dr. Dupre of the methiJ' 
severally employed by them. 

(1.) Note by Mr. Stewart on Metmobs of Microscopical Examtxattov. 
(2.) Sketch by Dr. Dupr^ of his Methods of Akaltsis. 
(3.) Observations by Dr. Dupafe on the P£rma>oanate Process. 

(1.) Microscopical Method of Examination of the Water. 

The samples of water were mostly received in Winchester qnarf- 
These were allowed to stand for six hours to allow of any deposit settlir.c 
Two- thirds of the water was then decanted off with a siphon, the n- 
mainder was then well shaken to re-mix the deposit, then p>oared into j 
depositing glass and covered over. After standing six hours its appoaraT.«' 
was noted; the water and sediment, if any, then examined with tl- 
microscope, first with the power of 350 diam., and then with oth»T- 
ranging to 1,250 diam., the nature and amount of solid matter being th * 
recorded. 

Should any further researches be contemplated in the direction of tl' 
foregoing, the following points have suggested themselves as of genen; 
interest, and bearing on some of the questions at issue. The mixture y^i"- 
recently distilled water of a known quantity of different fresh organ? 
substances, one sample wet as expressed, anotner the same filtered, anotj. 
of an equal quantity dried ; an equal temperature being maintainni. ^ 
daily record of the changes, microscopic and otherwise, should be ktf * 
the influence on the development of organisms, of certain gasses, sutr, 
namely, as they might be exposed to in nature, would prove of interest. 

Some good might, perhaps, result by experiments to determine what. ' 
any, injurious effect would be produced on animals by their taking wat*' 
in which different putrefactive changes and various associated orgaui-i- 
might be present, although one is met by the diflBculty that many i*^^ • 
stances highly injurious to one animal are innocuous to another ; i^hi:^ 
experiments on criminals (man being probably more prone to cnteri** a' 
other disturbances from such causes) would probably be considerod j. 
justifiable. 

As regards the probability of the microscope revealing the presonce ' 
water of special organisms which are the real agents in producing rert;. 
diseases, this, of course, is possible ; but organisms apparently idcntu 
may really have a subtle aifference which the microscope cannot ^h' ' 
and which rather reveals itself by its effect than by visible strnclure. 
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(2.) Sketch by Dr. DuFRfe of the Methods of Akaiysis employed. *— 

The chief object of inqtiiry being, for the present at least, to discover WatM* puxposely 
how far chemical analysis, as now generally practised, would be able to g)llutea ^th ' 
thro-w light on the special natnre of the pollution suffered by a water, no j^DrloSy^ ' 
attempt was made to discover new methods. All the analyses were there- 
fore carried out precisely in the manner ordinary water analyses are cou- 
dncted. by myself, with the single exception of the method employed for 
e,stimatiiig tiie amount of oxygen absorbed from permanganate, which 
was changed to a different one after the first three analyses had been 
made. 

lu every case the water was allowed to stand at rest over night and the 
clear water only taken for analysis. 

Ntiroug Acid, — ^This was only tested for qualitatively by means of starch, 
iodide of potessium and diluted sulphuric acid. If, after standing for five 
miniites, no blue colour was produced in a water to which the above 
rea^nts had been added, nitrous acid was presumed to be absent. If a 
blue colouration made its appearance its lesser or greater degree of inten« 
sity, depending on the amount of nitrous acid present, is noted as : minute 
trace, trace, strong trace, much &c., &/c. of nitrous acid. 

Phosphoric Acid. — This also was onlv tested for qualitatively, and a 
similar rough scale as that given under nitrous acid is used to express 
variations in amount observed. In every case the residue left by i litre 
water y used for estimating the total dry residue, &c, Ac, was usea for the 
teet, which consi^^ted in warming the solution of the residue in nitric 
acid after filtration, with a strongly acidified solution of molybdate of 
ammonia. 

Oxygen absorbed. —A standard solution of permanganate of potassium 
containing 10 per cent, of caustic soda was added in slight excess to 
i litre of the water, and the mixture heated in a water bath to the boiling 
temperature for the space of three hours. After the lapse of that time the 
still remaining permanganate is estimated, from which the amount of per- 
manganate decolourized, and consequently the amount of oxygen absoxT>ed 
is obtained. 

Total dry Beeidtie and volatile Maiter, — One-fourth litre of water is 
evaporated in a platinum dish ou a water bath ; the residue is dried at 
12(r C, and weighed ; it is then ignited, moistened with carbonate of 
ammonia, to restore the carbonic acid which may have been expelled 
during ignition, again dried at 120° C. and re-weighed. The second 
weighing gives the fixed salts, the difference between this and the 
first volatile matter. The colour of the residue is also noted as well as 
its appearance during ignition, and the odour evolved during the same. 

Chlorine. — One hundred cubic centimetres of water are carefully evapo- 
rated to about 20 c c, and in these the chlorine is estimated bv standard 
nitrate of silver (1 c.c. indicating " 001 grm. chlorine), using cnromate of 
potassium as an indicator. 

Nitric J etc?.— Twenty-five cubic centimetres of water are mixed with 
50 c.c. of strong pure sulphuric acid and a dilute standard solution of 
indigo carmine is run into the hot mixture till the mixture assumes the 
faintest perceptible, permanent, blue tint. 

Ammonia and Albuminoid Ammonia, — These are estimated by what is 
known as Wanklyn's process ; J litre of watei», placed in a retort con- 
nected with a condenser, is rendered alkaline by carbonate of soda and 
200 c.c. are distilled over. A freshly boiled, strongly alkaline solution of 
permanganate of potassium is then added, and distillation continued. 
Two hundred cubic centimetres more are distilled, and, of course, 
separatelv collected. In 100 c.c. of each distillate the ammonia is now 
estimatea by Nessler's reagent, the first distillate containing the free (or 
saline), the second the albuminoid (organic) ammonia. In case the second 
distillate contained much ammonia the distillation was continued, and a 
second or even third portion of 200 c.c, or 600 c.c. in all, after the addition 
of the permanganate, distilled. This could, of course, only be done by 
adding some more water to the contents of the retort (the water for this 
was first boiled for some time with alkaline permangate). In most cases 
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Act. B. Kg 1. ii Tipjg found mmecessary to distill more than 200 c^. after the addition (d 
On Bamples of the permanganate ; but, on the other hand, in all the caaes in which 
^g^^P«uF»]j urine had been added to the water, even 600 c.c of distilLite did out 
£<^me^etc.^ contain all the albuminoid ammonia that could be e^olred. In these 
by Dr. Cory, cases, indeed, it seemed almost impossible to bring the action to an end, 

and the distillation was stopped after 600 c.c. had been collected. Some 
albuminoid ammonia was thus, no doubt, left undeto-mined ; but as in all 
these cases the amount coUected was far beyond the limits which could 
be tolerated in drinking water, it was not thought necessary to carry the 
CTolution of albuminoid ammonia to the end, which would baye inTWT^Mi 
a day*s distillation, or eyen longer.*' 

Organic Carbon and Nitrogen. — These were estimated m the three cases 
^yen in the residue from k litre water by the methods of Dit4anar, and of 
Dupr^, and Halke, respectively ; the water having been eva^xurated, witii 
the addition of sulphurous acid, under a ^lass shade as recommended by 
Dr. Frankland. For the estimation of nitrogen (Dittmar*s method) the 
water residue is burnt with baryte and caustic soda in a current of 
hydrogen ; the ammonia produced is collected in very dilute hydrochlork 
acid, and estimated by Nessler s test. To estimate the carbon, the 
residue is burnt in a current of oxygen, and the carbonic acid prodaced 
collected in baiyta water. The carbonate of baryta formea is nfzt 
collected, washed and weighed, in Uie form of sulphate; O'OOl gnsL 
carbon yields 0'0105 grm. sulphate of baryta. 

(3.) Note of ExFERiirENTS undertaken by Db. Dupr^ to test the Vaute ot the 
Methods by which the Quantity of Oboakic Matteb in a Water is 
estimated by the Axqukt of Oxtoek absorbed from Pebvangasaie of 
Potash. 

Oxygen absorbed from Permanaanaie. — ^The method adopted in the former 
investigation not having yielaed perfectly satisfactory results the follow- 
ing modifications were introdai^ed : — 

One quarter litre (i litre) of the water is measured into a perfectly 
clean 12- oz. stoppered bottle, 4- the temperature of the water is raised to 
80° F. hj immersing the bottle in warm water, 10 cub. cent, of dilnted 
sulphuric acid (1 vol. acid to 3 vol. of distilled water) and 10 cub. cent, d 
standard permanganate solution ('395 parts of pure potassium per- 
manganate in 1,000 of solution, each cub. cent, contains O'OOOl grvmne 
of available oxygen) are added, the bottle is stoppered, and kept for foQf 
hours steadily at the temperature of 80° F. At the end of that time the 
permanganate still remaining undecomposed is estimated by iodide of 
potassium and hyposulphite of sodium, and the amount found deducted 
from that added gives of course the amount decomposed by the water. If 
in the course of the four hours the pink colour of the water in the botde 
is either discharged or even materially reduced another 10 cub. cent of 




been done the destillation may he tiopped^ and the apparatus f^ gtanding nniHf U U 
required Jbr another analj/ert. It is true that, in an appended note, vhen desoribinK hov 
100 ex. of wat«r may be mad« to Muliloe for the purposes of analysis cqualh- with a bfi$er 
ooantity, Mr. Wankl.vn'8 instructions may be read (payees 51-52) as reqninngtne process to be 
farther continued. OperatinK with this small quantity of water, he first divtilsover 10 (^ 
which he submits to the Neaslensinff process. ** That having been done, 3U c.c. more are to be 
distilled off, and either Nosslerisod or thrown away." . . " At this sta^e the distillation is 




•Hfnqrammonta," And again, m a further appendix (page 167), dealing with the amooaii 
evolved by alkaline permanganate acting on Oi^ganio Nitrogenous Compounds, Mr. Wanklyn 
tolls how "the distillation was continued until the evolution of ammonia ceased or beoame ym 
tnflmg.*' [The italics are my own.— B. C] 

t These bottles are best cleaned and kept clean in the following way. The bottle having b«« 
carefulbr washed with acid and water, is filled with distilled water atrongly acidifJed with 
SJi^iJUIiS.!:^- • ??"*® pcrmanranate solution is now added sufficient to strongjy tint the water, 
S^!i?S?ft " ^^ *'J' •".! ^\ bottle kept in a warm place nntii used ; it is then only necewuy 
whl^lt & ^y Tor u'S ' "*^ hydrochloric acid, and wash it well witS tapwSef. 
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standard permanganate most be added, and this has to be repeated if App.B^o. i. 
necessary so as to keep the water always strongly tinted. On Bamplea of 

In the ootirse of the investigation the following points were more ^{tfJuS^Pif^^y 
espociaUy investigated :— fcremeSTetc.; 

Ist* Whether at a temperature of 8(r F. the acidulated permanganate by Dr. C0C7. 
solution did suffer any appreciable amount of decomposition independently 
of the presence of organic matter in the water. Whether in fact it 
suffered any spontaneous decomposition. 

2nd. Whether Tariations of temperature materially affected the pro- 
portions of oxygen absorbed. 

3rd. Whether rariations in the amount of permanganate used affected 
the result. 

4th. Whether the substitution of phosphoric for sulphuric acid might 
prove beueiicial. 

5th. Several minor points connected with the carrying out of the 
experiments were investigated. 

In regard to the first point, it was found that with a pure water no 
appreciable amount of of permanganate suffered decomposition. Thus, in 
several samples of Trafalgar Square water taken during February I88I, 
the amount of oxygen absorbed during four hours at 34^ F. was found to 
be 0-0017 ^rain per gallon, while at 80^ F. it amounted to 0*0036 grain. 
Now. under the conditions of the experiment 0' 1 cub. cent, permanganate 
solution is equivalent to 0*0028 grain of oxygen absorbed per gallon, 
and the difference above found between the absorption at 34° F. and 
80^ F. is therefore fairly within the limits of experimental error ; in it, 
moreover, is included the oxygen absorbed by the minute trace of organic 
matter contained even in so pure a water. The experiment has been 
repeated at least 10 times with a like result. We are therefore justified 
in concluding that in a pure water no appreciable proportion of perman- 
ganate suffers spontaneous decomposition under the conditions of the 
experiment as above described. 

The method adopted by some chemists of starting a blank experiment 
^ith distilled water simultaneously with the experiment on the water 
nnder examinati<m, is therefore entirely unnecessary and may even be 
greatly misleading. 

In regard to the second point, influence of variations of temperature, it 
was found, as might h|kve been expected from the result just given, that 
in a comparatively speaking pure water even wide variations of 
temperature have little or no influence on the result. Thus in the case of 
Trafalgar Square water taken during February 1881, the amount of 
oxygen absorbed per gallon was found to be in four hours : — 
At34°F. - - - 00017 grain, 

At62°F. . - - 0-0045 .. 

At80°F. . - - 0-0036 ., 

and with water from the same source drawn in March 1881 the oxygen 
absorbed per gallon was found to be in four hours — 

At80°F.. - - . 0-0115 grain, 

AtlOO^F. - . - 0129 „ 

showing that even at 100^ F. the amount of oxygen absorbed is not 
xnateridJly greater than at the lower temperature, although in this last 
case the water was not quite so pure as in the first. 

The case is, however, entirery altered if a less pure water has to be 
dealt with. Thus, in the case of a water drawn from a main of the Chelsea 
Company the oxygen absorbed in four hours— 

At 35^- 6 F. amounted to * 0526 grain per gallon. 
At»y>F. „ 00717 . „ 

a difference about ten times gpreater than in the first case. 
A well water from Famborough absorbed in four hours — 
At 32° F. • 0396 grain oxygen per gallon. 
At60^F.00554 
At80°F.0-0613 
It is thus evident that temperature has a most material influence on 
the result in all but the purest waters, and it becomes, therefore, of 
importance, in order to obtain reliable comparative results, to keep the 
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AJp. B. No. 1, waters to be tested closely to the same temperature in every experiment. 
On SamnT f ^ series of exoeriments in which even so smaU a variation as 10^ F., a 
Water ra^poMly variation which is certain to be exceeded unless special precautious ftre 
TOUuteowith adopted, will thus yield results of, comparatively speaking, little value, 
i^D^^.^*^'* The temperature of 80° P. has been chosen, as it is one which, in 

England at least, can always be obtained without the necessity of adopiuig 
means for cooling, which are far more difficult to carry out suocefisfnUj 
than heating. 

Some experiments have been undertaken for the purpose of finding out 
to what extent and in what direction variations m tne character of tk 
organic matter contained in the water, whether of animal or vegetable 
origin for example, influenced the amount of oxygen absorbed at dinerent 
temperatures. The results so far obtained, although they seem to indicate 
that the more readily oxydisable matters are oxydised at the lower 
temperature in far greater proportion, compared with their oxidation at 
the higher temperature, than is the case with more stable organic matter, 
yet the experiments are not sufficiently numerous to warrant any general 
conclusions to be drawn. 

The same observations may be made with regard to variation of oxidft- 
tion in varying times. Here also it seems likely that valuable informatioii 
in regard to the nature of the organic matter contained in a water may be 
gained by observing the amount of oxygen absorbed in different times ; 
but here also many more experiments will have to be made before fairly 
sound conclusions can be arrived at. 

Here it may be sufficient to observe that in most cases oxidation is more 
or less rapid at first, gradually becoming slower and slower. With very 
pure waters, or at low temperatures, the limit of possible oxidation i^ 
reached sooner than with impure waters or at higher temperatures. ThuB, 
with a sample of Trafalgar Square water the amount of oxygen absorM 
was — 

At 34° P., in 3 hours, 0-0017 grain per gall. 

4 „ 0-0017 
„ 80° F., „4 „ 0-0045 
In another sample of this water the oxygen absorbed was — 
At 100° P., in 1 hour, 0-0073 grain per gaU. 
„ 100° F., „ 3 hours, 0-0116 
„100°F., „ 4 „ 0-0129 
„ 80° F., „ 4 „ 0-0115 
In a Chelsea Company water the oxygen absorbed was found to be — 
At 53^-6 F., in 3 hours, 0-0526 grain per gall. 
„53°-6F., „ 4 „ 0-0526 
„80°F., „ 3 „ 0-0662 
„80°F., „4 „ 0-0717 
Or again, in a Chelsea water taken August 9th, it amounted — 
At 80° P., in i hour, to 0-0196 grain per gall. 
,,80° P., „ i „ „ 0-0252 
„ 80° P., „ 4 hours, „ 0-0560 
Chelsea water, taken September 12th — 

At 80° P., in 1 hour, * 0488 grain per gall. 
„ 80° P. „ 4 hours, 0-0868 
Chelsea water, taken October 13th — 

At 80° P., in i hour, - 0406 grain per gall. 
„ 80° P., „ 4 hours, 0*0784 - 

Trafalgar Square water, with 2 - 27 grains of gelatine dissolved in 1 gali- 
water — 

At 80° P. , in i hour, • 0168 grain per gall. 
„ 80° P., „ 4 hours, 0-0364 
the water by itself absorbing only ' 010 grain per gallon in four honrs. 
Trafalgar Square water, with 35 grains fresh urine added per gallon— 
At 80° P., in J hour, ' 056 grain per gall. 
„ 80° P., „ 4 hours, 0-064 
One great difficulty in determining the nature of the organic impurity 
>ntained in a water appears to be the action of the oxygen dissolved in 
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the water, or other agencies which in time redace apparently all kinds of ^'* B,Xo. i. 
organic matter to a more or less nniformity. On Samples of 

In regard to the third point, it appears that in moderately nnre water Wator purposely 
at all events Tariations in the amonnt of permanganate taken ao not very li^^^J^^Si^ • 
materially affect the result. Thns, in the case of Trafalgar Square water , by Dr. o^ 
the amonnt of oxygen absorbed in four honrs per gallon was — 

When 10 c.c. permanganate were taken, * 009 grain per gall. 
., 20 ,. „ „ 0010 

With a less pare water the difference is greater, but is still slight. A 
sample of Chelsea water, to which a very little blood sernm li^ been 
added, absorbed — 

When 10 c.c. permanganate were taken, ' 115 grain per gall. 
u . 20 „ „ „ 0-120 

4th. K, instead of using snlphnric acid for acidifying the water, phos- 
phoric acid in equivalent quantity is employed, the mfferences remain 
substantially the same, but the total amount of oxygen absorbed becomes 
considerably less ; thus in the case of the two waters just given, in the 
case of the purer water the absorption amounted — 

When 10 c.c. permanganate were taken, to 0* 0078 grain per gall. 
,. 20 „ „ „ 0-0078 

With the impure water — 

When 10 c.c. permanganate were taken, to 0*091 grain per gall. 
_ » 20 „ „ „ 0-099 

On account of this diminished absorption of oxygen it does not appear 
advisable to substitute phosphoric for sulphuric acid, in spite of the fact 
that the titration of the liberated iodine is decidedly sharper than when 
t^ulphnric acid is used. 

Among other points investigated it may be mentioned that the nature 
of the vessel in which the final titration of iodine (to estimate the propor- 
tion of permanganate remaining) takes place is by no means without 
influence. 

Thus, using an open moderately wide beaker, 10 c.c. permanganate 
liberated an amount of iodine which, when titrated at once and rapidly, 
required 11 -3, 11-3, 11*25, 11*2 c.c. hyposulphite solution (in the first 
two cases phosphoric, in the last two sulphuric acid was used), while when 
half an hotur was allowed to elapse 10*9 c.c. of hypo only were necessary. 
Or again, if instead of running the hyposulphite solution into the beaker 
as rapidly as possible, it was allowed to run in drop by drop, so that the 
titration occupied about 10 minutes altogether, 10*9 c.c. of hyposulphite 
were used in order to complete the reaction. It is thus obvious tnat a 
serious loss of iodine is suffered in the open beaker unless the titration is 
performed with great rapidity. 

This loss is, however, avoided by taking the narrow-mouthed stoppered 
wttles above described in place of the beaker. It was then founa that 
^JDg phosphoric acid 11-2, 11*2, and 11*25 c.c. of hyposulphite were 
required when the titration was effected at once in half an hour, or drop 
"y drop in 10 minutes. The corresponding figures with sulphuric in 
place of the phosphoric acid were 11' 3, 11 "35, and 11*25 respectively. 

Finally, a great many experiments were made in order to observe the 
effect produced by boiling the .water either by itself or with the addition 
oj 10 c.c. of sulphuric acid per quarter litre on the amount of oxygen 
absorbed. The experiments are not sufficiently complete to warrant any 
general conclusion, but some of the points observed are nevertheless of 
interest even now. 

, Thus it was found that mere boiling of the water resulted, in some cases, 
J» an increased absorption of oxygen. Three portions were taken of i, 4, 
and } litres respectively. In the first the oxygen absorbed was estimated 
^ usual, the second and third were each boiled briskly in a flask until 
wth Were reduced to a quarter litre, when the oxygen was also estimated. 
Tlie result was, calculating in each case on a gallon of water, an absorption 
of oxygen— 

In the first case of • - 0*0865 grain. 

„ second ,, • - 0-0894. „ 

„ third „ - - 0-0953 „ 
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Xvp, B. No. 1. Or again, if instead of boiling down the water in the flasks, these iirere 
On SamDiea of simply heated in a water bath, the necks meanwhile being closed by a 
Water mirposely glass marble, the inci*eased absorption was still obserrable. Thns-^ 
polluted with Chelsea water taken direct absorbed 0*0792 grain per gallon. 

byD^cSy. •. Heated for one hour - - 0834 

Lambeth water taken direct absorbed 0' 01156 „ 

Heated one hour - - " - 0*01212 „ 

If instead of heating the water b^ itself it is heated after the addition 
of 10 c.c. sulphnric acid to the i litre the effect is, in many cases, eren 
more marked. It is best to actually boil the water in the flask, keeping s 
glass marble on it, and before adding the permanganate to add a sufficient 
amount of pure water to restore the original bulk. It is also necessary to 
cool the water to 80° F. before adding the permannmate. 
Chelsea water taken August 9th direct absorb^ 0*0560 grain oxygen 
in four hours. 
Boiled with acid one hour absorbed 0*0616 grain oxygen in fonr 
hours. 
Chelsea water taken September 12th direct absorbed 0*0868 grain 
osygen in four hours. 
Boiled one hour with acid absorbed ' 1084 grain ozygenlin four hours. 
On the other hand in the case of very pure water the oxygen absorbed 
is practically unaffected by boiling with acid. 

Trafalgar Square water direct absorbed 0*0098 grain per gallon. 
Boiled one hour with acid ,, 0*0100 „ 

Derby water direct - ,, 0*0123 „ 

Boiled one hour with acid ,, 0*0134 „ 

Occasionally in the case of impure waters containing a large amount of 
nitric acid less oxygen is absorbed after than before boiling. No doabt a 
considerable amount of oxydation is in these waters effected by the nitric 
acid liberated by the sulphuric acid at a boiling temperature. 

A number of samples of water containing various substances in solution 
hq.ve also been examined by the method just described, and some rerj 
interesting results obtained. 

Trafalgar Square water was used in every case, and the absorption of 
oxygen due to the water used may be taken at 0*008 grain pergalloo 
either before or after boiling. By subtracting this amount from the 
amount found to be absorbed that portion when taken up by the substance 
dissolved is obtained. 

Trafalgar Square water containing 7 grains of 
pure cane sugar per gallon taken direct, the 

oxygen absorbed was in four hours - - 0*059 grain per gall- 

After boiling one hour with acid, oxygen 

absorbed in four hours ... 0*680 „ 

Trafalgar Square water containing 1 grain of 
pure cane sugar per gallon taken direct, 
oxygen absorbed in four hours - - 0*0171 

After boiling one hour with acid, oxygen 
absorbed in four hours ... 0*1602 
Trafalgar Square water containing 0*1 grain 
of pure cane sugar per gallon taken direct, 
oxygon absorbed in four hours - - 0*0090 

After boiling one hour with acid, oxygen 

absorbed in four hours - . - 0*0160 ,» 

Trafalgar Square water with 2*27 grains of 
starch (boiled into a paste previously) per 
gallon taken direct, oxygen absorbed in 
four hours - - . . . 0*008 „ 

After boiling for one hour with acid, 
oxygen absorbed in four hours - - * 0199 

Trafalgar Square water with 0*22 grain dry 
albumen dissolved per gallon taken direct, 
oxygen absorbed in four hours • • 0*014 

After boiling with acid one hour, oxygen 
absorbed in four hours - • - 0*0630 „ 
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Trafalgar Square water with 2*27 grains dry Ap?.B.Nai. 

gelatine per gallon of water taken direct, OnSwapleiof 

oxygen absorbed in four honrs - - 0*0364 grain per gall, Waterpurpoiely 

After boiling with acid one hour, oxygen fixciwnwntSetc 

absorbed in four honrs - - . 0*0392 ,, bfDr.Coij. ** 

Trafalgar Sqnare water with 35 grains of fresh 
urine per gallon taken direct, oxygen ab- 
sorbed in four hours - . - . 0'06-i' ,, 
After boiling one hour with aci^y oxygen 
absorbed in four hours - . - 0*092 ,, 
Trafalgar Square water with 70 grains of urine 
per gallon ti^en direct, oxygen absorbed in 
four hours ----- 0*174 ,, 
After boiling one hour with acid, oxygen 

absorbed in four hours . - . 0*191 „ 

Same water nine days later, taken direct, 
oxygen absorbed in four hours - - 0*087 ,, 

It will be observed that in some cases, notably in that of cane sugar, 
the amount of oir^gen absorbed is ^eatly increased by preriously boiling 
the water with diluted acid, and it is not unlikely that such a process will 
enable us greatly to extend our insight into the character of the organic 
matter contained in potable water. But more experiments are required. 
I may, however, mention that in the few cases m which I have been so 
far able to apply this process to waters taken from the same source at 
different times, I have noticed that an improvement in the general 
character of the water was accompanied by a less difference between the 
oxygen absorbed before and after boiling with acid. A small difference 
in the amounts thus absorbed may therefore apparently be taken as a 
favourable indication. 

A number of experiments were also undertaken to test the effect of 
boiling the water with a solution of caustic potash equivalent in strength 
to the acid used. It was found« however, that even in the purest water 
the large amount of sulphate of potash produced by adding tne necessary 
excess of sulphuric acid prior to the treatment with permanganate so 
greatly affected the stability of the permanganate as to render the process 
illusory. 

A, DcPBfc. 
Westminster Hospital, October 28th, 1881. 

[It will be observed that Dr. Dupr^ throughout this note refers to 
differences between small amounts as Wng less important than differences 
between larger amounts, and this although the proportional differences are 
greater in the case of the smaller amounts. Thus he regards the difference 
between 17, 45, and 36 as being of little importance if the figures occur in 
the third and fourth place of decimals, while he attaches great significance 
to the difference between 39, 55, and 61 when the figures are found in the 
second and third place of decimals. The question is of the limits of 
experimental error ; and on this x)oint Dr. iJupre's judgment is entitled 
to all respect. Yet I thiak it must remain an open question whether 
variations of temperature operate so diversely as he supposes in the case 
of acid permanganate acting on purer and less pure waters respectively. 
-B. 0.] 
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No. 2. 

On the Belation of Pathogenic to Septic Bactebia, sb illasteied 
by Antheax Cultivations ; by E. Klein, M.D., F.R.S. 

The research, of which in the following report I propose to give the 
first instalment, had for its object, first, to investigate whether and how 
far the bacillus anthracis undergoes any change, morphologicaUj and 
physiologically, when cultivated artificially ; and secondly, whether 
ordinary bacteria of putrefaction and septic fermentations can bj 
artificial cultivations be so modified as when introduced into the body 
of an animal to be productive of disease, that is to say, whether it U 
possible for an innocuous saprophyte to assume the properties of ao 
obnoxious pathogenic organism. 

It is] well known that bacteria of ordinary putrefaction may be 
introduced, either by ingestion with the food into the alimentary canal, 
or by inoculation into the skin, the mucous membranes, the subcuUneoa< 
or submucous tissue^ or by direct injection into the vascular sptem, 
without there being produced in the animal experimented upon aoj 
appreciable disorder, that could be directly brought into connexion with 
the bacteria, provided that these latter be introduced in small quantitiif^ 
only. Large quantities, on the other hand, are productive of pntrid 
intoxication, not so much on account of the presence of bacteria as on 
account of the now well known and generally accepted chemical putrid 
poison of Panum, Bergmann, and others. 

It is equally well known that pathogenic bacteria prove their eflBcacj 
when introduced in minimal quantities, for it is essential to their 
character, to find in the animal organism a suitable soil for multiplica- 
tion and by their increase in numbers to produce directly or indirectly 
a definite £sorder in the animal economy. 

In order, then, to investigate whether saprophytic bacteria have 
assumed the properties of pathogenic organisms, it is necessary to bear 
in mind that they must be expected to show these properties after their 
introduction in minimal quantities into the animal organism ; that is to 
say, they must be capable to resist and overcome the efiects of the 
healthy tissues, — effects proving invariably deleterious to ordinary 
saprophytic bacteria, — and having done so, of starting a definite disorder 
in the tissue. 

It will be admitted, I presume, that it is not necessary that the 
disorder be of a general natiu'e ; in some weU-established instances, such 
as anthrax, febris recurrens, pneumo-enteritis of the pig, the malignant 
oedema (Koch), a general disorder ensues on the introduction of the 
pathogenic organism, but in other instances, such as the actinomycosis 
in cattle and man, known through the researches of Bollinger, Jahn, 
Israel, Ponfick, the effect of the inv&sion by the actinomyces is at first, 
at any rate, of a purely local nature, being generally limited to the lungs; 
similarly the introduction of tubercular virus into the anterior chamber 
of the eye is followed by an eruption of tubercles in tlie iris (Cohnheim 
and Salomonsen), and of the same character is the pulmonary tuber- 
culosis occurring in dogs after inhalation (Tappeiner) of the tubercular 
virus. The malignant ulceration in mice (Koch) is in the same way 
at first a purely local effect of the introduction of a pathogenic organism. 
And it will be necessary to postulate at least this of a would-be 
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patho^ic oi^gaxLiBniy viz.y that its effect after its introduction into an Ayy. B. Ko. 8. 
aninuu shoald be local, but need not be so if general. On the 

As is well known. Professor v. Nageli is a firm advocate of the pjf^^^^cto 
*' sporting" of harmless saprophytes, they becoming converted under Septic B»cterm 
certain conditions into pathogenic organisms. But, on the other hand, J ^' ^ ' 
Prof. v. Nageli also maintains that pathogenic bacteria may become tmaamuUtion : 
converted into harmless 8aproph3rte8. His views are stated with great J^^hcs 
clearness in his work, Die niederen Pilze, &c. Munich, 1877. From 
many years' studies, carried on with patience, and after a strictly 
experimental method, he arrived at these important conclusions. 

Prof. V. Nageli makes the very widest allowance for bacteria, 
inasmnch as a harmless form when brought under suitable conditions 
maj become the origin of an infectious disease, may through generations 
retain this power, and when again placed under different conditions, may 
change into an inactive form. 

Dr. Hans Buchner, a pupil of v. Nageli, and working under this 
tatter's directions, put these general statements to a special test, and 
succeeded, or maintains to have succeeded, in confirming them. He 
claims to have succeeded in changing, by successive artificial cultivations 
nnder constantly varying conditions, the bacillus anthracis, of previously 
jleadlj power, iBto a perfectly inactive and harmless bacillus, which in 
morphological respects appeared then identical with the motile bacillus 
subtllis (Cohn) of hay infusion. But he also thinks he has succeeded, 
Tchat is of even greater and more fearful consequence, in transforming 
throagh artificial cultivations under ever varying conditions, the 
notoriously harmless bacillus subtilis of hay infusion into deadly bacillus 
anthracis. 

Dr. Buchner's paper, Ueberd. exper. Erzeugung d. Milzbrandcontag. 
Riis d. Heupilzen . . ., which gives the results of a very large number 
of observations, is published in the Sitzungsb. d. Math.-Physikal. Classe 
cl. k. b. Akad, d. Wiss. zu Miinchen, 1880. Heft. III., p. 368 et 
passim. I shall have opportunity to return below to Buchner's 
:i5sertions in detail, as 1 shall have to criticiso some of his facts and 
deductions, but at present I wish to point out that one of Buchner's Morphology, 
fundamental propositions, viz., that the bacillus anthracis and the 
bacillus of hay are morphologically (with the exception of the motility 
of the latter) identical, is altogether erroneous. The two kinds of 
bacilli are not identical, and never become identical however long they 
may be cultivated in artificial cultivations, and on this point I must 
with Koch (Cohn'sBeitrage II., Bnd. III., and Aetiol. d. MibBbr., p. 21), 
most decidedly oppose Buchner. It is true that Buchner admits some 
very essential differences between the two, but these differences refer to 
chemical and functional relations. I shall point out below in detail 
these differences. 

Buchner cultivated, at a temperature 35°-37° C. the bacillus anthracis, 
originally derived from the spleen of a white mouse dead of anthrax, 
in 0*5 per cent, solution of Liebig's meat extract with or without 
the addition of peptone or sugar. As a first result of his observa- 
tions on white mice, Buchner found (p. 383) " that the infectious of'^JffikfS'^' 
*^ activity of the- fungus becomes the more diminished, the more cultiTation.' 
*^ generations it had passed in the artificial cultivations.'' But on 
looking carefully into his facts, we notice that the above result 
does not come out in so simple and regular a manner as is repre- 
sented in the above sentence. For in one series of cultivations of 
bacillus anthracis carried on in a nourishing fiuid of 10 parts of Liebig's 
meat extiBct, eight parts of peptone, and 1,000 parts of water, Buchner 
^onnd (j^, ZSS ei passim) that the inoculations with the Ist, 2nd, 3rd, 
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App. b. No. 2. <'in<i 4th remove or generation produced always anthrax, whereas those 
with the 5thy 6th, 7th, and 8th did not yield any positive results, *^ if 
" the same quantity of infective material was used," but '* if lu^ 
'^ quantities are used, positive resulta were obtained." In like manner 
in other series of cultivations, he finds great differences as regards the 
activity of the bacillus of the various ^' generations.'' Tha& he found 
(p. 384) that minute quantities of the 1st cultivation proved effeetlTe, 
whereas the 2ndy 3rd, and 4th in small quantities proved ineffectual, 
fiut the 5th cultivation proved effective in large quantities, the 6th vas 
ineflTective. In a series of cultivations in meat extract, peptone and 
sugar, the 2nd cultivation proved active ; the 3rd and 4th inactive ; the 
6th, active ; the 7 th, 18th, and even the 36th generation proved active. 
From all these and similar observations Buchner deduces that the 
bacillus anthracis undergoes a gradual change, by which sooner or later 
it is rendered altogether harmless and inactive. This change is, how- 
ever, not one of morphological character. I shall, further below, when 
describing my own observations on these subjects, have to relum to 
Buchner's observations, azid I shall then show that all his facte are 
easily explained by the aid of my own observatioM^ but not by the 
theory of a gradual diminution of activity of the bacillus antkraeis. 
There is such a thing as a real diminution of activity of the bacillos 
ranthracis in artificial cultivations ; the inactivity on white mice of some 
^cultivations of the bacillus anthracis anfl not of others is due to a varietj 
of circumstances, one of which, at any rate, is this, the absence of spont. 
If Buchner had tested his cultivations on guinea-pigs or rabbits he would 
have obtained altogether a difierent result, always supposing that be 
worked with pure cultivations of bacillus anthracis. 

Koch (Zur Aetiologie d. Milzbr., p. 22 et passim) considers it probable 
.that Buchner's uncertain and unequal results are explained by the fact 
that his (Buchner's) cultivations not being absolutely guarded from 
contamination with other non-pathogenic bacilli, he may have had, and 
probably did have in some of his cultivations the bacillus anthracis* 
originally sown, diluted or altogether suppressed by the overgrowtii of 
the non-pathogenic bacillus. With Koch I fully think this ohjectioa 
well justified, especially since Buchner does not admit a difference 
^between non-moving non-pathogenic bacilli and the non-moving bacilliB 
dmthracis, 

[I am acquainted with Dr. Greenfield's paper on cultivations of 
the bacillus anthracis communicated to the Royal Society on June 17, 
1880; but I am unable to find in it anything to which I can attach 
importance, with the exception of some observations that repeat earlier 
experiments of Dr. Burden Sanderson and of Dr. Buchner. In mj 
opinion some of Dr. Greenfield's observations contain internal evidence 
that he was occasionally operating with some harmless bacillus and not 
with anthrax bacillus at all ; and I cannot admit his claim to speak 
with authority on the etiology of splenic fever. It may be noticed in this 
connexion that Koch, in his last elaborate paper on the subject, has not 
made a single mention of Dr. Greenfield's assertions.] 

Buchner noticed, as his cultivations rose in degree of generation, that 
the bacilli showed a change in their general mode of growth, inasmuch 
as, unHke their previous behaviour so often described by Pasteur, Eoch, 
and others, they ceased to form the beautiful cloudy and flaky felt-work 
(Pasteur's "en filaments tout ench^vetr^s, cotonneux ") rising from the 
bottom of the culture-vessel into the otherwise perfectly clear nourishing 
fluid, but they gradually assumed the tendency to adhere to the walls d 
the vessel. After a duration of cultivation of 90 days (Buchner caUa this 
the 900th generation), this condition became very pronounced, and in 
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later generations the bacilli formed the same pellicle en the surface as do App. b. No. 2. 
the harmless haj bacilli. On changing the mode of growth he ulti- on the 
matelj succeeded in obtaining bacilli that in this respect did not differ Sf}*^^'^'^ j^ to 
from the typical hay bacilli. With reference to this point I am Static Bacteria ; 
incUned to think that Koch (Aetiologie d. Milzbn, p. 22) is right in ^> ^^- K^*^- 
refasiDg to accept this as proven; he says that Buchner had not 
sufficiently guarded himself against outside contamination, and there- 
fore it 18 quite possible that he introduced into his cultivations at one or 
another step a common bacillus which after several cultivations became 
so numerous as to replace altogether the original bacillus anthracis. 

With reference to Buchner*s cultivations, by which (using blood for his 
nourishing fluid) he gradually changed the common hay bacillus into the 
))acillns anthracis, Koch (Lc.y p. 26) maintains that what Buchner really 
had before him in those cases in which he had animals die after the 
inoculation with the hay bacillus cultivated in blood for many 
generations, vras not anthrax bacillus, but the bacillus of malignant 
oedema (Koch). I think Koch^s criticism is very thorough and has every 
probability for itself. I certainly should be surprised to find that a 
cultivation in blood treated in Buchner's manner (/.c, p. 405), viz., with- 
out any precaution against accidental contamination, and which naturally 
would undergo putrid changes, did not yield the cedema bacillus ; this^ 
when cultivated for several successive generations, as was the case in 
Buchner's experiments^ would at last yield a cultivation in which the 
cedema bacillus is the only organism present. 

I now come to the most important research of this cycle, viz., that of ^u^Miiiated 
M. Pasteur. A succinct summary of his results he himself has given aiuhrax. 
ns in a remarkable address given during the last International Medical 
Congress in London in August 1881. This address has been reprinted, 
with a translation, as a Parliamentary paper, under the title, '* Animal 
Inoculation." It refers to the micrococcus of fowl cholera and to the 
badUns anthracis. It is only the latter that interests us here. By 
numerous previous observations M. Pasteur has found that cultivatiug 
the bacillus anthracis in chicken broth at a temperature of 42° and 
43° C, the bacillus, although vigorously growing in the shape of the 
characteristic convolutions of threads, nevertheless does not form spores 
(p. 10). 

*' In a month or six weeks the culture dies ; that is to say, if one 
impregnates with it fresh decoction, the latter is completely sterile. Up 
to that time life exists in the vessel exposed to air and heat. If wo 
examine the virulence of the culture at the end of two days, four days, 
six days, eight days, &c., it will be found that long before the death of 
the culture the microbe has lost all virulence, although still cultivable. 
Before this period it is found that the culture presents a series of 
attenuated virulences ; everything is similar to what liappcns in respect 
to the microbe of chicken cholera. Further, each of these conditions of 
attenuated virulence may be reproduced by culture. Lastly, since 
splenic fever does not recur {ne ricidive pas)^ each of our attenuated 
anthracoid microbes constitutes for the superior microbe a vaccine, that 
is to say, a virus capable of producing a milder disease. Here, then, we 
have a method of preparing the vaccine of splenic fever." 

[These are stated as general propositions, and M. Pasteur makes them 
^thout mention of any particular kind of animal. He cultivates the 
anthrax bacillus at 42^ C. in fowl-broth, and treats as indifferent the 
class of animal into which he inoculates the cultivation.] 

"I was asked to give a public demonstration at Pouilly-le-Fort, near 
Melun, of the results already mentioned. This experiment I may relate 
in a few words. Fifly sheep were placed at my disposition, of which 
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APP.B.NO. 2. 25 were vaccinated, and the remaining 25 underwent no freatment. A 
On the fortnight afterwards the 50 sheep were inoculated with the most vimknt 

p^«M^cto anthracoid microbe. The 25 vaccinated sheep resisted the infection; 
SopticBaoteria ; the 25 unvaccinated died of splenic fever within 50 hours. Since that 
by Dr. Klem. ^jjj^g ^]^q Capabilities of my laboratory have been inadequate to meet the 

demands of farmers for supplies of this vaccine.* In the space <^ 15 dan 
we have vaccinated in the departments surrounding Paris more than 
20,000 sheep, and a large number of cattle and horses. This experi- 
ment was repeated last month at the Ferme de Lambert, near Ch&rtre:*. 
It deserves special mention. The very virulent inoculation practised at 
Pouilly-le-Fort, in order to prove the immunity produced by vaccination^ 
had been effected by the aid of anthracoid germs deposited in a cultare 
which had been preserved in my laboratory more than four years, that 
is to say, from the 21st March 1877. There was assuredly no doobt 
about its virulence, since in 50 hours it killed 25 sheep out of 2S, 
Nevertheless, a commission of doctors, surgeons, and veterinary surgeocfs 
of Chartres, prejudiced with the idea that virus, obtained from infectioos 
blood, must have a virulence capable of defying the action of what I call 
cultures of virus, instituted a comparison of the effects upon vacdnated 
sheep and upon unvaccinated sheep of inoculation with the blocd of an 
unimal which had died of splenic fever. The result was identical witb 
that obtained at Pouilly-le-Fort ; absolute resistance of the vaccinated, 
and death of the unvaccinated." 

I have hitherto had no experience with the inoculation of sheep with 
cultivated bacillus anthracis (but hope soon to be able to gain some) ; aod 
I cannot therefore say anything about it, nor do I for one moment qaestiou 
the absolute reliability of M. Pasteur's successful vaccination of ^eep 
with bacillus anthracis, and the immunity thus conferred upon them, 
although no such uniform results were obtained by his assistant whea 
repeating M. Pasteur's experiments in Buda Pesth, but what I will 
take the liberty of questioning is the general application of these resxtlts 
by M. Pasteur and his followers to anthrax in animals other than sheep, 
Protecti on by or to the Other infectious maladies. For I am able to show, that not 
torodentsf*^" only does no such mitigation of activity on rodent animals take place in 

the bacillus anthracis when artificially cultivated and precluded from 
forming spores, but that no immunity is conferred on rodent animals, if 
not succumbing to the effect of such cultivated bacillus anthracis. 
There are a number of statements by M. Pasteur, such as the oxygen 
of the air being the cause of the attenuation of the virulence ; 
further, the inability of the cultivated bacillus anthracis to form spores at 
a temperature of 42° and 43° centigrade ; then the assertion that the 
attenuated virulence once obtained is transmitted to the next cultivation^ 
the accuracy of some of which my experience obliges me to question, of 
others directly to contradict. 
Koch's , Koch (Zur Aetiologie des Milzbrandes, in MittheD. de Kai*- 

obsemtiona. Gesundheits-Amtes., Bnd. I., Berlin, 1881) made some interesting 

contributions to the etiology of anthrax. The most important points 
in his publication are the criticisms of Buchner's and Pasteur's work on 
the subject. Although a great deal of what Koch says when speaking in 
a perfectly objective manner of Buchner's observations is justified, 1 do 

* It is matter of regret that the exact methodd of preparation ased by M. Pastccr 
in his laboratory are not made public ; so that the present research has had to be 
conducted in ignorance of his details. The fact of his success in producing what he 
calls a ** Yaccine " — a something which vfhen inoculated into sheep produces wme 
modified splenic feyer that protects the sheep against the after-production of f»tal 
splenic fever when the virulent material is inoculated into the sheep— may bo taken 
as^establiflhed. 
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not tiiink that there exists the same justification for all he says of Afp»b.Ko. & 

Pasteur's work. That in the present extended knowledge of anthrax, on the*^ 

both in its etiology and pathology, but especially the former, we owe Relation of 

more to Koch's brilliant researches than to the researches of all other siSS^tioSa^^i 

observers taken together, including FoUender, Brauel, and Davaine, the ^^ ^* iSkva- 

discoyerers of the bacillus anthracis, will, I think, be readily conceded 

by all who haye had the opportunity of repeating some of Koch's 

experiments and observations, and have read his several communications 

on this subject, and it is not want of respect to the other workers in this 

iield to concede this much. It will likewise be conceded, I think, 

by all who read Pasteur's various contributions on the subject of the 

etiology of anthrax, that Pasteur would have profited by a more careful 

6i\idy of Koch's observations and writings, particularly that the eiTor of 

Pasteur's earth-worm theory* might have been avoided if he had felt 

the significance of Koch's previous observations on the incapability of 

the bacillus anthrads to form spores within the body of an animal owing 

to the want of sufficient amount of oxygen, and especially of Koch's 

valuable observations on the inability of the bacillus anthracis to form 

spores in tha depth of the soil. And, again, objection may perhaps be 

taken with reason to Pasteur's dogmatic way of dealing with pathological 

facts, such as his arbitrary definitions and descriptions of what constitutes 

anthrax and what constitutes malignant oedema. 

But while allowing all this, and perhaps even more, I think all must 
extremely regret the tone in which Koch's criticism is made ; all must 
think that his criticism would have been much more valuable had 
it kept within strict bounds of an objective statement. Koch shows by 
means of most valuable observations, some of earlier date, published in Habitat of 
his previous writings (Cohn's Beitrage zur Biologie d. Pflanzen, 2 Heft), j^J^j" 
8ome^ of recent date, that no spore formation is possible in bacillus 
anthracis at a temperature below 15^ C. or 59^ Fahrenheit. At a depth 
of 1 meter the temperature of the soil in middle Europe is so low that 
the fonoation of spores in bacillus anthracis is practically impossible in 
an animal buried unopened at that depth. Koch also proves (/.c, p. 20) 
by very instructive and direct experiments with earth-worms and spores 
of bacillus anthracis mixed with earth, that Pasteur's earth-worm 
theory cannot be correct. 

Various considerations of the distribution of anthrax in Germany and 
of the manner of the outbreaks of its epidemics lead Koch to the 
assamption (p. 29 et passim) that the natural habitat of the bacillus 
iuithracis is really in the soil, and that its casual introduction into the 
bodj of an animal and the production of anthrax in it, is only '^ a casual 
^^ excursion of a micro-organism not generally limited to such a 
*' parasitism." 

As mentioned just now, there is a great deal of evidence for such an 
assumption, especially the way in which in Germany the disease makes 
its appearance in animals grazing in fields and meadows which 
occasionally become flooded. In these instances it is assumed that the 
bacillus anthracis growing in vegetable infusions (that it does readily do so 

* According to this theory spores having been formed in the bacilli within the 
organs of a buried animal that has died of anthrax, such spores are taken up by 
cttrth-vonns, carried up to the 8ur£Eu:e, and then deposited with their oastings. 
From the sarfacc of the soil they find easy access into the mouth or nostrils of 
auimals grazicg on that soil. 

1 shall show in a future report that the bacillus threads as such do not surviro 
eTcs the initial stages of decomposition of the buried body. And it cannot be 
apposed that earth-worms can feed on buried bodies in the few days that may elapse 
^ore decomposition has set in. 
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App,B«No.g. in some of them is shown bj Koch) of a distant locality or in thed^, 15 
On tiie carried by means of water to the snr&ce and is left here when the water 15 

pSuf^^ ^ to receding or drying up, to find ultimately entrance into the body of an azumal 
Beptio^toria ; grazing on that field. Hay infusions and other vegetable matter, it b 
by Dr. Klein. |j.Qg^ owing to their acid reaction, do not, according to Koch, fonn a 

suitable nourishing fluid for the bacillus anthrads, but Koch draws 
attention to its beitfg a known fact that the dangerous anthrax localide 
have a chalky or loamy soil, and it is ther^ore possible that even vben? 
the vegetable iniusions in the soil would be add (hay, some kinds of 
straw, barley, grass, &c,), the carbonate of lime of the chalky soil vwli 
suffice to neutralize the infusions. 

Koch (/.c, p. 25) failed to find any diminution in virulence of tk 
bacillus anthracis cultivated artificially up to the 50th aucGesaro 
cultivation, an experience which I am able, as I shall presently show, tv 
confiim. 
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Before I give 'a detailed description of my own observations on tk 
cultivation of bacillus anthracis, I have to state the method of calu- 
vation which was employed in this inquiry. As noui'ishing fluid 1 k&te 
employed broth prepared from fresh pork. About a pound and a half 
to two pounds of pork are boiled in water for an hour or so down K' 
about two pints of fluid. The fat scum is removed and the fluid, provided 
the pork employed has been lean, filters^ tolerably clear through filter psper. 
To obtain it, however, perfectly limpid, the broth is deai*ed ^ ]a cuisine whh 
egg-albumen and then filtered. The filtrate, which will be spoken of s.^- 
'* the pork broth," is of a neutral or faintly* acid reaction ; in this latter 
case a sufficient amount of carbonate of sodium is added in order v^ 
make it neutral, it is then received in a long-necked flasks which are then 
plugged with cotton- wool. 

In all caaes^ and I wiah to state this once for all, where a cotton-wool 
plug is spoken of, whether in connexion with a flaak or a test tube, it wiD be 
imderstood that a cotton-wool plug of about two inches length b meant, in sense 
instances two plugs one above the other each about an inch long beinf vsel 
The cotton-wool, the flasks, beakers, filters, filter paper, teat tubes, and aU Tcsseb 
used are invariably disinfected by exposing them for several hours, genealij 
repeated several times, to a temperature varying betireen 140^ to 150° C. 
To use cotton-wool disinfected by prolonged (for several days or weeb: 
steeping in absolute alcohol, or concentrated carbolic add solution, is not 
absolutely reliable. Overheating the cotton-wool in an air chamber to the abo^ ( 
temperature till ainged has proved invariably and absolutely safe for aU 
cidtivations ; I have had to my regret failures m my cultivations which coold 
be referred to cotton-wool soaked in concentrated carbolic acid solution ere& 
for months. The same is to be said of the flasks and test tubes used. No 
amount of cleaning, even with strong acid, is to be relied on ; nothing bot 
overheating gives reliance. I at first always used to heat the veaael well all 
round over the open flame of a Fleteher's burner almost till the glass becomes 
glowing, and soon after when the glass is still hot, but not as to do more ^au 
just singe the cotton-wooU 1 place in its neck the cotton-wool plug, this havii^ 
previously been overheated in the air chamber. But lately I have overheated 
the vessels in the air chamber to about 140^-150^ C. for several hoars, 
several times repeated, having previously cleaned them with distilled vate 
and dried them as far as possiUe ; and I have found this perfectly sufficient t) 
disinfect them thoroughly. It cannot be too strongly insisted on with Kocb 
that the flasks and test tubes and especially the co^n-wool used as pines for 
the vessels should be thoroughly sterilized by overheating, for it is as mudaapd 
as often that cultivations become thereby contaminated as by the non-sterpiir 
of the nourishing fluids or the accidental entrance of organisms from the air. 

The filtered nourishing fluid (pork broth;, having been recei^'ed in a 
clean flask plugged as above stated with long and clean cotton-wool, is 
boiled for about ten to fifteen minutes. I never fill the flask to mon* 
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than half its Volame with the broth, in order to avoid the flaid rising too App.b. N<x. 2. 

high during boiling, and thaa wetting the cotton-wool plug. This, On the 

ftlthoTigh not neceasanlj fatal, owing to the sterilitj of the cotton-wool, SJthaSnTcto 

neverthelees I always avoid in this and other cases, for the sake o£ Septio Bacterb ; 

cleanliness and to avoid all possible contamination. Immediately ^^ ^' ^®^* 

before turning off the flame of the burner and while the fluid is still 

boilings I place over the mouth of the flask a cotton-wool cap and 

keep this pressed over the month and upper part of the neck of the 

flask by aa inverted beaker pushed firmly over it. The flask is then 

placed into an incubator and kept here at a temperature of about 

32^-35° centigrade. After two to three days the flask, plugged but 

without the cottoii^wool cap, is again placed over the gas-name and 

the broth subjected to boiling for flve to ten minutes. While still boiling 

the cotton-wool cap and bilker are placed over the mouth and neck 

and the flame is turned off. Such a flask with broth may now 

be considered absolutely sterile ; it may be kept in the incubator for 

weeks and months, it will always remain absolutely limpid and free of 

any organisms. Such broth will in the following be always spoken of 

as '* sterile pork broth." 

This broth I use cither as such, Le, as pure broth, or in combination 
with gelatine, as '' gelatine pork," in order to have, as recommended by 
Koch {Lc.)f a nourishing material not of fluid but of solid con- 
sistency. I consider, with many others, this method of Koch's, viz., of 
using gelatine as an admixture to a uounshing fluid, and thus converting 
it into a solid state, a very great advance indeed in the methods of culti- 
vating bacteria, especially in securing pure cultivations not contaminated 
accidentally, for then the sowing of a particular species of bacterium 
is possible in a particular spot or spots, the growth and progress can 
be easily watched and controlled, and accidental contaminations can be 
readily lecognised, but I shall show below that it is quite possible also 
without the gelatine admixture after the method I use to be almost 
absolutely guarded from accidental contamination, i,e. to have pure culti- 
vations. Koch has very minutely described the advantages of the gelatine 
method and his modus procedendt, and he has given numerous photo- 
graphic illustrations of various species of bacterium in pure cultivations 
effected by his gelatine method. 

Koch recommends, in order to solidify the nourishing material (in his 
case it was a solution of Liebig^s meat extract), to mix with it purified 
aod well sterilized and neutralized gelatine solution in such a proportion 
that the g^tine would form 2-3 per cent. Such a nourishing mixture is 
solid at ordinary temperatures and represents an excellent soil for sowing 
on or in it the desired species of bacterium in dots or lines ; kept in flat 
glass dishes or slides the examination with the microscope can be easily 
carried out from time to time, and it can easily be ascertained how and 
whether the sown species is making progress, and accidental contamina- 
tions can thus be easily detected and removed, all growths, owing to the 
solid state of the nourishing material, being naturally limited to the spot 
or line on which the bacterium has been sown. It is necessary to keep 
the dish or glass in a chamber (under a bell jar) saturated with moisture. 
This is, in short, the essence of Koch's method. He maintains that 
such a gelatine material remains solid at a temperature of 20°-25° C. 
sufficiently high for ttie growth of all species of bacteria. 

All this sounds very excellent, but when one comes to work with it 
practically one finds that everything is not as perfect and excellent as 
one imagines at first. 

As is well known from the researches of Brefeld, Grawitz, Wemich and 
others, nourishing material in a solid state, such aa gelatine, boiled 
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apf. b. No. 2. potato, bread, paste, &e., has been used for the sake of obtainiBg pore 
cultivations and for the sake of easily watching and keeping under 
control the progress and growth of particular organisms, €,g, penicillium, 
aspergillus, micrococcus prodigiosus, &c.; but most of tJiese observations 
were carried on at ordinary temperatures. Koch, howevei*, recommend) 
it, after many observations, in the above form for pure cultivations eves 
in the incubator at 20-25^ C. for all species of bacteria (micrococcas, 
bacterium termo, and various species of bacilli, &c.). 

The first difficulty one has to overcome is to obtain a sterile and 
neutral clear and limpid gelatine solution. I have tried every obtainable 
kind of gelatine, in which I was much assisted by Dr. George Maddox. 
to whom I am under great obligations, such as ordinary French gelatine, 
best Swiss gelatine, much recommended to photographers by Dr. Eder of 
Vienna, best French gelatine, called gold-label gelatine, isinglass, » 
peculiar lichen-gelatine used by Chinese cooks to get a very firm jelly, and 
various other kinds of gelatines ; and after a great many experiment's 
both time-consuming and patience-trying, to enumerate which would be 
a very unnecessary infliction on the reader, 1 have found best answering 
our purpose a gelatine solution prepared in the following manner : one 
part of " gold-label gelatine ** (the tablets in which it is sold being cut 
up into small strips) is soaked overnight in six parts of cold water, it 
is then dissolved on the water bath ; this solution has a slightly add 
i*eaction; to it is added carbonate of sodium' just sufiicient to give it 
a neutral reaction. While quite hot it is filtered through filt^ paper 
once or twice. Qt must be borne in mind that the filter paper, the vessek 
receiving the solid gelatine or the filtrate, and all other vessels subse* 
quently used for its reception, are perfectly disinfected by overheating 
them.) The process of filtering is carried out by using hot filters and 
filter paper, keeping up the warmth by placing at two opposite sides, as 
close to the filter as practicable, Bunsen burners. «The filtrate is tolerably 
clear, but can be obtained perfectly clear by adding to it after neutrali- 
sation egg-albumen, and then boiling it for several minutes. In tiib 
latter case it may be filtered through calico or flannel previously disin- 
fected. To the filtered gelatine are then added three jiarts (not thn^ 
times its volume) of the above pork broth, so that we have now 
altogether one part of solid gelatine, six parts of water, and three 
parts of pork broth, which would be equal to one part of solid gelatine 
in nine parts of fluid, or 11^ per centum. This mixture is received in 
several sterilised flasks, closed well with long and thoroughly sterilised 
cotton-wool plugs, and is subjected to boiling for 5-10 minutes. While 
still boiling, and just before removing from the flame, the mouth of the 
flask is covered with a cotton-wool cap, and a beaker is inverted over it. 
The flasks arc then placed in the incubator and kept there at 32--d5' C. 
for 24 hours, after which they are again subjected to boiling for aboni 
five minutes. This I have found to be sufficient to keep them sterile 
for ever after. This mixture, which I will speak of as ** sterile gelatine 
pork," remains, even in the smallest quantity, solid up to a tempt- 
rature of 25"^ C, a temperature generally sufficiently high for the growth 
of bacteria. 

Koch (Zur Unters. d. Pathog. Organ., p. 24) recommends a mixture 
of gelatine and nourishing fluid in such proportions that the gelatine 
amounts to about 2\ to 3 per cent, and he states this to have served 
in a solid state for the cultivation of bacteria, not only at the 
ordinary temperature of the room, but at temperatures varying between 
20° and 25^ C. 

Now, no kind of gelatine which I have been able to lay hold of has 
kept solid at a temperature of 20-25^ C. in such percentage! nor as 
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per cent mixtajre, not even as 7*5 per cent Ten per cent miiciure Ayr* B. No. 8. 

.s the lowest that I have been able to keep solid at such a temperature, on Hbe 

Ir is true a good many bacterial organii^ms grow tolerably well in a pf^!^^^^ 

temperature abont 16^18^ C, at which the 2^3 per cent gelatine elo^ot^mi ; 

mixture is solid, but their growth is very slow. In some instances, e.g» byPr.Ktom. 

bacillus anthracis» the growth progresses tolerably well, but in others 

it is extremely slow. To make spores of hay bacillus sprout at such 

M temperature is exceedingly difficult, and so it is also with the spores 

•f some other kind of baciUi« I have seen bacilli which absolutely 

refuse to grow at such a temperature. Of micrococci some grow well, 

' tbers do not 

Jt is dear, then, that if, as is the case in laboratory experiments, one 
T^^quires growth of a particular organism to take place within a reason* 
ible time, not to mention those cases in which organisms do not 
;.TOwatall at so low a temperature, the above temperature, viz. 16-18^ C, 
K not sufficiently high, and it is necessary to use gelatine mixtures 
stronger than 2^3 per cent The above 1 1 per cent mixture of gelatine 
and pork keeps weU and solid at 25^ C, and at this temperature all 
fvocteria that I have tried grow well and abundantly. 

Thus far I have been describing the manner in which I prepared the 
nourishing material, viz., sterile pork broth and sterile gelatine pork, 
which is to serve as stock for the cultivations. I have used also other 
nourishing material, such as beef broth, rabbit broth, t&a, for the 
cultivation of various organisms ; bat the subject of the present report 
h the observations nmde with bacillus anthracis, and for this I have 
Used hitherto with satie&ctory results the pork broth and gelatine pork 
only, and I shall not enter on the present occasion into a consideration 
of the other noarishing materials. 

I now come to the description of the method of using the above stock 
of nourishing material for the special cultivations of the bacillus 
imthracls. 

(A.) A number of disinfected test tubes and small flasks are used, the 
lutter of the capacity of an ounce or so, plugged with disinfected cotton- 
wool, the plug lifted, and each charged as rapidly as possible for a 
fraction of their volume with the nourishing matenal from the stock 
Hask, and then plugged with cotton-wool. In the case of the gelatine 
{>ork, this is of course first liquefied over the flame. The stock flask, if 
not emptied by this process of charging, is subjected to boiling from 
.»-10 minutes. When charged and plugged each tost tube and 
*<mall flask is subjected to boiling for a few minutes ; the boiling is 
otlccted over a small flame in order to prevent the over-boiling ; this 
U not so much to be feared in the case of the flasks as in that of the 
test tubes. Thorough boiling for once is generally sufficient to destroy 
every organism that may have accidentally entered during the process 
of charging. Kept for an indefinite time in the incubator at 32*35^ C. 
the fluid in them remains bright and clear. 

(B.) Glass cells of exactly the same nature as those that were of so 
irreat use to me in my research on the pneumo-enteritis of the pig (see 
these Eeports for 1877, p. 210), in the majority of instances without 
any addition, in some with the addition of a tliin glass tube cemented to 
the glass slide and leading into the cell ; the outer opouino; of this glass 
tube is plugged with cotton -wool. This tube was chiefly added with 
the view of facilitating the formation of spores, but as a rule I found, 
casteris paribus, if the other conditions for the spore formation are 
present, the amount of air present in the glass cell sufficiently largo to 
enable the spore formation. 
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App. b. Ko. 2. As in my fonner work so also now, I use olive oil to fix tk 
cover glass over the glass ring forming the sides of the oelk. Tint 
cover glass before being used Is well heated over the flame. A m^\ 
quantity of the nourishing fluid (pure pork broth or liquefied g^ktiiK 
pork) is withdrawn from the stock flask by a freshly ^wn-out 6m»l! 
capillary pipette ; this is eflected in this manner : the cotton-wool plor 
of the stock flask is drawn up for about half its length, and the one es^i 
of the pipette being drawn out into a long capillary tube is grftdoallv 
pierced through the remaining half length of the plug and pushed do?: 
tiU it reaches the fluid ; the pipette is filled and withdrawn, and ih 
plug is again pushed down into its previous position. By this meaa- 
absolutely no access is allowed to particles from the air into the eiock 
flask, and at the same time the capillai*y tube, while being puskJ 
through the cotton-wool plug, is cleaned from accidentally adfaeriu^ 
particles. It must be borne in mind that for the above purpose the cotton- 
wool must have been well sferiUsedhj heat, because if not so, the mmrisl- 
ing material in the stock flask is sure to become contaminated bj impi- 
rities adhering to the cotton-wool fibres, some of these being pi^hn' 
down as well as carried down into the fluid by the capillary tube. FmD> 
this pipetto a drop is quickly deposited in the centre of the cover gla&% 
and this is inverted and fixed on the ring of the glass cell| a dn>p c«t 
distilled water having been previously placed at the bottom of tbe (^1' 
at a peripheral place. The cell is now " charged " and ready to receive 
the organism that is to be cultivated in the drop of nourishing tosteriai 
attached to the centre of the lower surface of the cover glass. B' 
process of charging the test tubes and flasks, as well as the glass c(:ii^ 
being carried out in the air, is of course subjected to the complicaticc «>i 
a contamination with air organisms. In the case of the test tabes mi 
flasks this is remedied by subsequent boiling of the charged and plugf ^ 
vessels ; but in the case of the glass cells a sterilisation afler chai^f ;' 
is for obvious reasons impossible, and it is therefore necessary to tak< 
one's chance, so to speak, of having a number of failures owing to atvi- 
dental contamination. And it is this very point, viz., the chanct' rt 
contamination with air organisms, which makes tho Koch meibo^* 
as recommended by him, impracticable in the case of many cultiratioaN 
as I shall have to point out below in detail. 



Influence of 

external 

circumatanoeB. 



It depends very much on the place and season where and when tbe ck&rgiii.? 
is earned outj as regards the accidental contamination with air organism^ 
I have made some comparative studies on these points, and I think it wortt 
while to enter here more fully into them. 

At first, when working at the laboratoiy of St. Bartholomew's Hospiui 
Medical School, I charged my test tubes from my stock flask under carbcL' 
acid spray, the carbolic acid being of the strength of about 5-$ percent. Frtj'it 
my note-book I eather that in one series I charged 16 test tubes carefully ^n^^ 
the carbolic acicf spray, and placed them into Ihe incubator at about 35 i 
Of these test tubes one went bad in the course of 24 hours, at which time i- 
became turbid owing to the presence of actively moving bacilli. In anothfx 
series of 14 test tubes two went bad. In a third series of 22 test tubes every 
one went bad, although the method of charging under the carbolic acid spr»; 
was the same as in the other cases ; but the conditions of the atmosphere va^ 
not the same. While I had tolerably good results in July and AnguBt, 1 ^^^ 
very bad results in October ; and my failures, both in preservinff sterile loj 
stock fluids and my test tubes chaiged with them, became during Aismontii s* 
numerous and persistent^ that I had to give up work altogether for tbii 
period. To have cultivations ejmosed to the air and not afterwards sterili^cJ. 
as is almost the general rule in Koch's method of gelatine cultures, and to keep 
them pure was altogether out of the question. The cause of these univers&^ 
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nd unconditionftl failures was not hr to seek. During October we had a ^^^» B» No. 2. 
rood deal of dry weather with strong winds, and the laboratory in which I on the 
rorked faces Smitbfield hay msrket^ whence a good deal of dust was blown IMAtioa ot 
nto the laboratory. The dust contained an enormous number of spores, llJ^iJ^'J^tSa • 
Tipecially of bacilli, as was proved, not only by the direct observation, but also by i>r. Klein. ' 
>j the &ct that eveiy kind of nourishing fluid, Cohn's nonrishing fluid, 
lay infusion, beef broth, mutton broth, pork broth, &c. previously sterile, 
vhen exposed to the air on sndi windy days for a second became very difficult 
if sterilisation, boiling for 10 minutes and sometimes 15 minutes, or eten 
7.ore, did not produce sterilisation. After 48 hours' incubation the fluid was 
crariably swarming with bacilli. 

During July, August, and September, when days were tolerably still, 
?speciaOy on rainy da^s, and there were no high winds, test tubes con- 
taining sterile nourishmg fluid could be kept open, i.e., the cotton-wool 
^lug could be altogether removed, under carbohc acid spray for several 
^onds, and without being subjected to boiling after this remained sterile 
iX a temperature of 35^ C, oulj a relatively small percentage, varying from 
3 to 7, otitkif lost by air organisms. This is not at all an unsatinactory 
result, coDsidermg that the laboratory faced the hay market, and con- 
%iderinf( how eanly a contamination could occur under these conditions. 
But at a time with high winds the contamination was so serious that 
even prolonged boiling after exposure did not sterilise. This is not to be 
wondered at if we remember that fluids containing hhj bacDlus spores and 
some other haciUus sporea require for absolute sterilisation boiling extending 
up to, and even over half an hour (see Cohn's Beitrage, IL Bnd., IL Heft). The 
results obtained suUsequentlyt when resuming my work, not in tiie previous 
localiiT, but in the laboratory of the Brown Institution near Vauxhall, situated 
In a less contaminated atmosphere, were very much more satisfactory. Compara- 
tive experiments which I here made showed that exposing to the air for ludf a 
ciinute sterile nourishing fluids contained in test tubes, during windy weather, 
yielded about 50 per cent, fidlures, while exposing them to air under the 
c&rbolic add spray yielded no failures in one series, it yielded 6 per cent. 
^um in anotner series. 

As I mentioned above, I charge my test tubes rapidly either with pure pork 
broth or with liqueflbed itelatine pork without spray, and then boil tnem well 
for a few minutes, and doing this in the laboratory of the Brown Institution 
I find it sofiBcient to thoroughly sterilise the fluids. 

In connexion with this subject I would draw the attention of the reader to 
ttie Ten important investigation made by Mr. Watson Cheyne (Transact. 
^'f the PathoL Society of Tendon, 18/9, p. o77) on the value of the carbolic 
&cid spray in the inoculation of artificial cultures. 



The pkn of Koch of spreading out a large drop or small quantity Soiling or 
of liquefied gelatine nourishmg fluid on a glass slide, or on a flat glass ^^^^^ ^ 
«iish,aiKi having inoculated this ou its surface with the desired organism material. 
to place it in a chamber closed by a bell-jar or the like, which is kept 
moist bv putting into it (the chamber) moist filter paper, has not been 
found practicable, owing to the fact that the gelatine nourishing fluid 
having solidified again, dries up too soon, before the sown organisms 
haie bad time to make a start, the moisture all settling on the inner 
surface of the bell-jar* This condition I have invariably found to obtain, 
^ven when the chamber was closed airtight, the bell-jar with ground 
^i^n being fixed by lard or oil on to a ground-glass plate. !Not only 
'Q ordinary temperature, but still more so in the incubator was this 
ilryiug up of the gelatine nourishing fluid found to happen, and I 
Iwve dierefore modified Koch's plan by using the arrangement mentioned 
^fore, viz. the closed glass cells, and the test-tubes plugged with cotton* 
wool. 

The next important step in the cultivation of bacteria in the nonrish- 
^^? material hitherto described, as contained in the test tubes or glass 
^f lis, is the inoculation of these materials with the organisms it is desired 
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App. B. No. 2. to grow, i,€.f the process of sowing. It is of course obvions that if it b 
On the desired to cultivate a single species of organism, it is necessary to 

j^^J^jJJ^. sow a single species, and to prevent contamination with air organisms, 
SepHoBaoterii $ the nourishing fluid itself being sterile. With reference to the first* 
by Br. Klein. j^j jg necessary to be certain that the material containing the seed and 

to be transferred into the nourishing material contains no other but 
the desired species. This is, however, not always a simple matter. 
It is simple enough in the following cases : if I transfer to m^ 
nourishing material a droplet of blood taken from the heart or thi- 
spleen of an animal just dead or dying d anthrax, I am certain to 
have no other organism in the blood except the bacillus anthracis; or 
if I have an artificial cultivation of bacillus anthracis which frc>r>i 
certain definite naked-eye appearances (see below) and still more froo 
microscopic examination of anilin-stained specimens, I can prononnct 
with certainty to be a pure cultivation of bacillus anthradsy I shall 
be certain that I shall again, cteteris paribus, obtain a pore oultir^* 
tion, if sowing out from tibis cultivation. Again, if I take an infusion <<: 
hay, in which fermentation produced by the hay baciUus has Vrn 
completed, — that is to say, in which the bacillus has passed its who!' 
cycle and has yielded an abundant crop of spores forming a fine bixitn 
precipitate at the bottom of the in^sion, — and if I boil this infutitii 
for several minutes, I shall be sure to destroy everything living except 
the spores of the hay bacillus, and if I sow out from this so boile*: 
infusion, I shall have the satisfaction to find that the new gruwtb 
contains only hay bacillus. 

The above modified use of Koch's method, viz., charging ih 
covering glass of the glass cell with a drop of liquefied gelatine nourish 
ing fluid, and when this has become solidified again to inoculate it in oi>f 
or two straight lines with matter containing the bacteria to be sown, i/-^ 
to dip a needle previously heated, or the end of a freshly drawn-ou: 
capillary tube into the fluid containing the seeds, and then to draw thi- 
needle or the capillary tube quickly across the surface of the drop of 
gelatine nourishing material once or twice, this method, I saj, i> 
invaluable for the study of the gradual changes those bacteria andei^go 
when subjected to incubation, the manner in which they muUiplj : 
further to ascertain whether the desired organism has been sown, 
and whether only one kind of organism or several are growing in ibe 
nourishing material ; for the glass-cell specimen can be easily examlnf'-J 
even with high powers of the microscope from time to time, withont in 
the least disturbing the growth. Koch, in his paper above quoted, hi- 
minutely described all these advantages, and therefore I need not 
further enter into this part of the subject, as I have no doubt it mnst he 
obvious to everyone who has the slightest acquaintance with artificiil 
cultivations of bacteria. 

If you have sown in this manner a particular organism well known 
to you, it is of course easily ascertained on microscopic examination 
immediately after, whether the same is present in any part of the lii"* 
you have drawn over the gelatine drop in the above glass-cell specimen 
with your needle or capillary tube. Thus, inoculating the gelatine drof« 
with the bacillus anthracis or with its spores, or the spores of baj 
bacillus, with sarcina, with torulse, with micrococcus prodigiosus, &c^ 
you can at once find these seeds in the streak you have drawn on th^ 
gelatine drop ; according to the number of seeds present in the materiil 
to be sown, there will be more or lees numerous seed in that streak, h 
in addition to this, you have sown only one species of those named, any 
accidental contamination will soon be detected under the microscope 
in the gelatine drop, say, after a day or two, or longer. 
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But supposiiig 70Q are sowiBg a material of which jou do not know App. b. Na 2. 
whether it contaiiis any organism, or, if so, what kind of organism, the case on Um 
is altogether different, azid the yalue of this method is not ohvions, on Be kttono f 
the contrary, maj lead to serions errors. In this way ; the inocnladon of S^icBi^^ : 
the solidified gelatine noarishing material, whether in my glass-cell ^ ^* ^^^^ 
ispecimens, or afiter Koch's plan, on glass slides or flat dishes, most take 
place in the air, and there is no means to prevent contamination with 
air organisms. Under ordinaiy circnmstances, and working qnickly, 
the chuices of snch contamination are not reej great, hat are, nevertheless, 
objectionable. Now supposing that yon inoculate yonr gelatine in 
seTeral specimens with the material to be tested for organisms, yon may 
iind a£ter a day or two or more of incubation that in one or more of 
the specimens in the streak yon have drawn there is no growth what- 
ever of aTiy organism, but outside it at other points an organism or 
several organisms begin to grow, you will justly say that all these or- 
ganisms are accidental contaminations, air organisms. But if yon found 
in the streak one species or more growing, you cannot conclude from 
this that you have transferred this or these species from your original 
material, because your moist needle-point or capillary gloss tube may 
have caught these seeds while passing through the air ; and this has 
actually happened to me, not once, but repeatedly. I have several 
instances in which I have sown or meant to have sown in one streak 
over the gelatine drop of my cell specimen a particular species of 
bacillus, and to my great annoyance I found after several days' incu- 
bation in that very streak growing three different species of organisms, 
xii^ one kind of micrococcus and two different species of bacilli. In 
another instance I wished to test a fluid for the presence of an organism or 
organisms, consequently I sowed it out on the gelatine in several of my 
gla^B cells, and I obtained in the streak drawn over the gelatine drop 
two species of organisms, a micrococcus and a bacillus ; but as I ascer- 
tained with a more precise method, the fluid contained no organism what- 
ever. These facts, it must be conceded, prove that the method of Koch, 
although of great value in certain cases, is less to be recommended in 
others, and therefore does not deserve that unqualified praise which 
its author accords to it {Ix.) saying as much as that this is the only 
method after which cultivations of micro-organisms are to be carried on. 
I shall presently show that there is a more reliable method, (provided 
the question is one of transferring one definite organism from one fluid 
into a vessel containing the nourishing material) a method in which the 
chances of contamination are less, and the method also, for other reasons, 
more practicable. 

The method of inoculation of the nonrishing material which I at first 
used was under the protection of the carbolic acid spray : a freshly drawn- 
out capillary pipette is dipped into the material to be sown, the cotton- 
wool plug of the test tube or flask containing the nourishing material is 
lifted under carbolic acid i^ray on one side just sufiBcient to admit the 
end of the capillary pipette ; this being done the plug is again closed over 
the month, the capillary tube is pushed down into the nourishing fluid and 
then quickly withdrawn and the plug completely replaced. In this 
manner I have been very successful in inoculating, without contamination 
with air organisms, nourishing fluids with the special organism desired to 
be sown. 

But this method is in so far unpleasant as Che spray prevents one 
&om seeing easily the capillary tube while being pushed down into the 
test tube. Although I used this method a good deal, I • have never- 
theless recently employed a much simpler method, which yields as 
good if not better results. In the carbolic acid spray the chances of 
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^^' j^'j^°* ^ contamination with air organisms are small, as I have abore stated, and 

On the when a contamination with them occurs it is probably through the spr&j 

Ptt^owniic to catching them and carrying them into the test tubes, but it most W 

SepticBacfliria ; obvious that this is really only a remote chance, considering that in my 

y .Kern. cases I only momentarily lift one side of the plug sufficient to admit 

the end of a capillary tube. 

The best and most practicable method which I am now in the babii 
of using, and which is almost absolutely safe against accidental con- 
tamination, is this : the cotton-wool plug of the test tube or fla.4 
containing the nourishing material is pulled out for about half its length: 
a capillary pipette having been charged with the fluid to be sown > 
then gradually and carefully pierced through the remaining part of tbt 
cotton-wool (thereby clearing itself of adhering particles), introdocin: 
it between it and the sides of the vessel, it is then pushed down intotlii 
nourishing material and a trace of the seed fluid emptied into Uie former. 
The capillary pipette is quickly withdrawn and the cotton-wool pla: 
pushed down into its old position. If the nourishing material is gek* 
tine pork, it is of course easily possible at will to deposit the seed to 
the capillary tube either on to the free surface or into the depth. I: 
the seed fluid is to be obtained from an artificial cultivation contained it 
a test tube or a flask, it is withdrawn with a freshly made capillary pipett' 
in exactly the same manner as the seed material is introduced into lb' 
new cultivation just described. It must be borne in mind that for tip 
success of this method it is impei'ative, in a greater degree than in thr* 
other previously mentioned methods, that the cotton-wool plog i« 
thoroughly sterilised. For it is obvious that if this is not the case, by 
the piercing of the cotton-wool plug with the capillary pipette woo! 
fibres are always carried down into the nourishing material, and i: 
these are not thoroughly sterilised a contamination of the latter mu.^ 
inevitably follow. 

I had charged 12 test tubes with pork broth, and had themvipl. 
plugged with cotton- wool, well boiled on two successive days, and plactni 
into the incubator at 32-35° C. ; they were kept here for two week-, 
and i-emained perfectly limpid and sterile. I then inoculated «^ 
of them in the above manner with baciUus anthracis of an arti£c:^ 
cultivation, viz., introducing the bacilli by piercing the capillary tnt' 
containing them through the cotton-wool plug. After 24 hours ^ 
showed signs of accidental contamination. I remembered that I h^: 
kept the test tubes for several hours, and at two successive days, >• 
140-150° C; but the cotton-wool had been tightly comp^es«*^i 
in a beaker and exposed only for about an hour to a temperature «>•' 
about 120° C. From the remaining six test tubes I remoro 
the plugs of this cotton-wool, and closed them with fresh plugs - 
thoroughly sterilised cotton-wool. They were well boiled and kept in tL • 
incubator for several days ; as they remained quite limpid they weit 
inoculated after the same manner and with the bacillus anthracis of tb 
same cultivation as in the case of the first six test tubes ; the result w&^ 
completely satisfactory ; no accidental contamination occurred. From th> 
it is clear that the test tubes and the nourishing material were sterile : 
both instances, and also the bacillus to be sown was the same, and b *- 
pure state in both cases, but in the first the cotton-wool was at fati! . 
hence the accidental contamination introduced into the nourisbir: 
material. 

As a rule, in cases where the naked-eye appearances do not ar- 
cannot give indications of the actual state of the cultiyations, i.^. 
whether pure or not, as is the case in most cultivations of bacteni. 
except, perhaps, of bacillus anthracis, I have employed both method. 
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i.e^ I cultivated in the test tube or flask^ and at the same time controlled app. b. No» 2. 
it under the microscope, bj cultivating in the above glass-cell as[jeciroen Qj^the — 
in a di'Op of solid fi^elatiue nourishing material. Relation of 

*^ ^ o Pathogenic to 

hiiiDtic Biictei*isi * 

In the cultivations of bacillus anthracis in the above-named neutral by Dr. Klein. 
pork broth in test tubes or small or large flasks with which T worked, Cuitivatlona; 
after three or four or more days' incubation, even at a temperature so low 
as 20° to 25'' C, a beautiful whitish crop of the bacilli is visible at thdr appcanncei 
the bottom of the vessel in the shape of a fluffy nebulous more or less 
filamentous mass as incubation proceeds, gradually extending into the 
further layers of the fluid, this latter being tolerably bright and limpid. 
These appearances have been well described by Pasteur and have been 
also noticed by Buchner (/.c, p, 376). The cultivations which I carried 
on in the pork broth, from one transfer to the other, all showed these 
characteristic appearances, except in those few instances in which, as 
mentioxicd above, an accidental contamination occurred. These appear- 
ances are so striking and peculiar that it can with certainty, from the 
naked-eye inspection alone, be recognised whether a given cultivation is 
one of pure anthrax.* If the growth aflter the first fcAV days does not 
present the peculiar nebulous and filamentous masses at the bottom of 
the fluid, if the supernatant fluid remains clouded and turbid, and 
especially if a scum appears on the surface, either only where the sur- 
face of the fluid adheres to the glass or over the whole surface, it can be 
concluded with probability that the cultivation is impure, there being 
generally present a micrococcus or a scum-forming bacterium or a 
bacillus, and this am be easily verified by microscopic examination. 
During the firet two or three days of incubation, however, the fluid 
is not limpid, but more or less uniformly turbid, the gi'owth not 
being limited to the bottom layers ; but soon tliis changes, and the 
characteristic nebulous masses are visible at the bottom, while the rest 
of the fluid is perfectly clear. The first turbidity is due to the uniform 
distribution in the fluid of the bacilli, isolated and in chains. 

If the vessel in which the cultivation is carried on is kept quiet 
(I generally keep the test tubes in a beaker with a layer of cotton-wool 
at its bottom), the peculiar anthrax bacillus growth retains its original 
naked-eye appearances for a considerable time ; shaking the test tube 
up after several days incubation destroys the coherence of the bacillus 
mass, and this latter breaks up into small flaky particles, which, 
however, readily sink to the bottom, so that the supernatant fluid 
again becomes limpid. As long as sufBcient nourishing material is 
present in the fluid the bacillus mass will of course continue to grow in 
amount, and when this does not any longer take plane the fluid is 
"exhausted." Now, watching the behaviour of the bacillus mass a/tcT' Exhaustion cS 
fcardgf f.^., after the mass has ceased incrccosing, these important ^"J^pij^ 
facts become obvious: that the bacillus mass becomes gradually 
smaller; tliis diminution is in some instances so rapid and con- 
spicuous that at a first inspection it seems that the cidtivation is 
not the same, but that it might have been changed for another ; but 
there can be no doubt about it if the inspection is made a few days 
later. This diminution goes on till only a few flaky transparent 
masses are left in the fluid. Below I shall show what the reason of the 
diminution is and what the microscopical appearances are. During 
this process of diminution and disappearance of the bacillus mass the 

* TheM appearances are much more striking in neutral cultivations than in those 
of acid or alkaline reaction. In the latter insUmces there is never the same copious 
growth aa in the ^t. 

B 2199. M 
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fluid remains always perfectly limpid. But I may at onee state tb&t 
this diBsppearance of the hacillus mass has nothing whatever to do wit^ 
spore formation, as might he at first supposed ; lor we know from the 
researches of Cohn that in a bacillus mass composed of long and 
convoluted threads, such as the bacillus anthracis forms in these artiiidal 
cultivations, the formation of bright oval spores soon sets in. The newly 
formed spores become liberated, the bacillus threads become transparent 
and disintegrate, while the spores sink to the bottom to form a minute 
precipitate. There is nothing of the sort in our cultivations. As a general 
rule in the flasks and test tubes with fluid neutral pork broth iw 
spore formation takes place. Whether the cultivation is carried on at 
an ordinal^ temperature, or at a temperatui'e of 20-25^ or 32-3o^ C. 
there is no spore formation. I have test tubes with neutral pork broth, 
in which exceptionally spores have been formed in the threads. These 
test tubes were of the following nature : In one test tube an enonnoua 
mass of bacillus threads had made its appearance while the cultivation 
was kept in the incubator at 22° C. for about three weeks, the 
masses of threads were very loose and consequently occupied a large 
volume, so large that the growth extended almost to the sorfaoe 
of the fluid; here numerous spores were found in the superficial 
threads. Another test tube of exactly the same material inoculated with 
exactly the same generation of bacillus anthracis, and kept under 
precisely the same conditions, did not develop any trace of spores ; here 
the mass of bacillus threads formed a more dense growth, and kept Ito 
place at the bottom of the test tube far away from the surface of the 
fluid. In another test tube I found that the mass of bacillus threads at 
first growing at the bottom of the fluid after some time sent out some 
bundles of threads which grew along the glass wall to the surface of the 
fluid. Here also numerous spores were found in the threads. Buchner* 
(/.c. p. 370) says : ** The physiological cause of the spore formation 
'* lies in the commencing deficiency of nourishing material." This is 
proved to be incorrect by our cultivation. The exhaustion of the 
nourishing fluid is long apparent and no spore formation occurs, and 
vice versdy spore formation may be observed long before there is any 
sign of exhaustion of the nourishing matter, so much so that spores 
appear early in the culture and again become converted into bacilli, but 
no spores may be formed in this new generation. Pasteur says that 
he prevents the formation of spores in the bacillus anthracis cultivated in 
chicken broth> by keeping the cultivation exposed to a temperature of 
42-43° C, which is still suitable for the growth of the bacilli, but 
not for the Fpore formation; in many instances this is unnecessar)', 
because even at ordinary temperatures no spores are formed. Cohn 
and Koch maintain that for the formation of spores in the bacillus of 
anthrax as in other bacilli, a certain degree of warmth, a certain degree 
of moisture, and a sufficient supply of air are indispensaUe for the 
formation of spores. There can be no doubt that this is so ; bacillus 
anthracis does not form spores in the body of an animal, as I can fiiUj 
confirm Koch against Pasteur, who makes this assumption, and as I have 
repeatedly convinced myself by direct and systematic observations, to be 
mentioned in my next Report ; but I cannot admit, if it is said that given 
those three conditions, viz., a certain degree of warmth and moisture, and 
a sufficient supply of air, supposing other things unchanged, the bacillus 
anthracis must of necessity form spores. This is by no means the case> for 
I have seen numerous cultivations in which these conditions were present, 
but no spore formation ever occurred, although the bacillus went on 
increasing in numbers in a most satisfactory way. In the cidtivationfi 
of bacillus anthracis in neutral pork broth in tset tubes or flasks, if they 
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are kept quiet, no fonnation of sporen ever occurs. la these instances Apt. b. Ko. 2. 
the absence of a sufficient amount of air is no doubt the cause, as I q^ the 
shall show below, the growth taking place at the bottom of a fluid S?!^**^?'*^ 
which had been well boiled for the sake of sterilisation. Dr. Loffler Septic^Si^ria ; 
(aus dem KaiserL Gesundheitsamte, 1881, p. 134) also suspects that in *>! ^>r- l^>ein« 
Pasteur's cnltiyations it is perhaps not the temperatui-e of 42° or 43'^ C. 
which prevents the spore formation, but the immersion of the bacilli 
in the fluid, for the bacilli form spores at this temperature when 
cultivated in flat dishes (see below). 

Apart from spore-formatioo, inoculation with bacillus anthracis of 
gelatine pork in test tubes or flasks (and kept sohd) yielded slightly 
different results, according as the inoculation was established on the 
sui'face of the gelatine or in the depth. In the first case the growth 
proceeds with rapidity, the bacillus forming fluffy masses of convoluted 
filaments ; where the^ appear the gelatine becomes liquid ; and as 
the growth gradually extends downwards, deei)er and deeper layers 
of the gelatine material become liquefied, the bacillus growth of 
course occupying the deepest layer of the liquefied material ; the 
liquefied layers above remaining perfectly limpid. In this way the 
growth graidually comes to lie tleeper and deeper, and when the 
deepest layer of the gelatine has become liquefied, the bacillus mass 
is at the bottom of the test tube. When this stage is reached the 
growth does not difler in any respect from one in a test tube of pure 
pork broth. The same changes, described abore, of diminution and 
gradual dwindling away of the bacillus mass is also here noticed. 

Difiering, however, from the bacillus gi-owth in pure pork broth, the 
bacillus gi'owth on the surface of the gelatine pork is capable of spore 
formation, as long as the growth is still close to tlie surface ; but as the 
superficial layer of the gelatine becomes liquefied by the bacillus 
growth, this latter gradually takes a deeper position, and since the spores 
previously formed again germinate into bacilli, a time arrives when 
no more spores are formed in the bacilli. When a sufiioient amount 
of the gelatine pork has become licjuefied so that the bacillus mass 
being placed at the lowest part of this liquefied portion is away from 
the surface, no more spore formation is observed ; the bacillus threads, 
however, continue to increase in length and numbers till all the 
nourishing matenal is exhausted. But I have some instances where no 
S[x)re formation took pkice even at the commencement; th^it is the 
ca<<e when the inoculation of the gelatine pork in test tubes tiikes place 
(though it be at the surface) at a point between the gelatine and 
the glass. Here the growth increasing burrows itself at once into 
the depth and liquefies the gelatine on one side in the shape of 
a pit or channel passing downwards, and as the bacillus mass occupies 
the deepest position in this pit of liquefied gelatine it becomes 
removed from the surface, while yet only composed of biicillus threads. 
And the gi'owth proceeding into the depth and from here into the 
sides it may happen that the whole gelatine ix)rk becomes liquefied 
>vlthout there having occurred a trace of spore formation in any 
part of the gelatine material. But I have seen a cultivation in 
which spore formation nevertheless apjK'ared subsociuently, although the 
bacillus mass has become deeply placed in the fluid gelatine. In 
this case the same process occun'ed as is mentioned above to have 
happened in a test tube of pure pork broth, viz,, bundles of threads 
grew along the glass wall of the test tube towards the surface of the 
liquid, and having i^eached this spores, made their appearance. 

Spore formation can be, however, easily procureii and kept up in 
gelatine pork in this manner : A flask containiug gelatine pork, for 

H 2 
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App. b. No. 2. about ^ or J of its volume, is inoculated with tbe bacillus antbracis 
Q . — in tbe middle of tlie surface of the solid gelatine materiaL The growth 

Relation of naturally spreads from here to all parts of the surface, since growth in 

SepticBlMftoria ; *^^® direction is much easier than into the depth owing to tbe resistance 
by Dr. Klein. ' offered by the solid material. The layer of gebitiue on which the 

growth takes places becomes liquefied, and thus the growth passes down- 
wards. Owing, however, to the large surfiaice presented by the gelatine 
material, the bacillus threads show very copious spore formation, and 
this spore formation is kept up by the bacillus threads for a long time, 
since even when the superficial layer of the gelatine has become Hquefie«l 
the bacillus mass is still near a very large surface of air. This super- 
ficial fluid layer can be easily drawn off with a glass pipette drawn out 
into a thin tube at one end, which is introduced into the flask through 
the cotton- wool plug, in the same manner as for tbe purpose of with- 
drawing a single drop, or of inoculating it in the first instance witli 
some seeds, a method that has been minutely described above. This 
liquefied mass thus drawn off teems with bacillus threads and spores, 
multitudes of them being ([uite isolated. It can be easily dischargetl into a 
sterilised test tube plugged with cotton-wool, without contamination 
with air organisms, and kept here ad infinitum. The fluid mass being 
nearly or quite exhausted of the nourishing parts, at any rate for tlie 
bacillus anthracis and its spores, is naturally unable to supply the spores 
with the pabulum necessary for germination, and hence these spores 
remain as such in the fluid. These relations are perfectly in harmony 
with all that Cohnhas taught (Beitriige zur Biol. d. Pfl. II., Band. 11.), 
about the behaviour of the spores of other bacilli, notably the spores of 
the hay bacillus. Such spores I have kept in the above t«st tube as a 
£ort of stock, both for the production of fatal nnthrax in animals a5 
well as for the establishment of new artificial cultivations. 

A new layer of liquefied gelatine teeming with spores is gradually 
formed in the above flask, owing of course to a continuation of the 
growth of the bacillus threads and spores left behind, and this layer can l>e 
drawn off in the same manner as the former ; thus liquefied masses 
teeming with spores can be obtained and drawn off in succession, imtil n 
thin layer of the gelatine pork is left in the flask, in which, owing to the 
enormous surface, abundant spore formation takes place in the bacill"? 
threads, and for the reasons above stated, many of these spores are retained 
as such. If we start at the outset with only a thin layer of gelatine pork 
or pure pork broth at the bottom of a flask, and if we inoculate thL^ 
with bacillus anthracis, we also obtain here, after a certain progress of 
the growth of the bacillus threads, a copious crop of spores. This ha^ al>o 
been observed by Dr. LofHer, as mentioned above. Many of these 
spores remain naturally as such in the fluid ad infinitum. We have, tliezi* 
several methods by which we can with certainty obtain a crop of sjwres 
and preserve them ad infinitum. All these observations prove in a uio^t 
definite manner that for the formation of spores in the bacillus anthracis 
a rich supply of air is required, and unless the bacillus threads are well 
exposed to the air, no spore formation takes place in them. Thu^ 
the statement of Cohn and Koch are fully borne out by my observatioa*. 
If on the other hand the inoculation of the gelatine pork in test tubes 
or in flasks takes place in the depth, that is to say, if the seed is deposit^tl 
at the outset at the bottom of the solid gelatine mass, the growth proc<>cd3 
slowly owing to the resistance of the solid material, but in the saffic 
manner as is the case in the pure pork broth. Like a beautiful heJ 
of more or less distinctly dendritically branched weeds the masses of 
bacillus threads springing up at the bottom of the vessel rise into the 
superimposed layers. The appearance produced hereby is very fine afler 
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the growth has made some progress; we perceive the growth to rise App. B.Xo.i 
perf>eadicularly from a common bed at the bottom of the vessel like a on the 
forest of dendritically branched plants. The gelatine of the dee|)cst Reiatiunof 
layer becomes of course hero first liquid. This growth d<x?s not yield fi?pt^?BacWri» ; 
siwres at any time owing to being faraway from the surface, and it *>yDr. Kk'in. 
always remains hi the state of masses and convolutions of l>acillus threads. 

The following confirms in a marked miinner what has just been said about 
the spore formation. In a flask filled to a third or fourth of its volume 
with solid gelatine pork, bacillus nnthracis is introduced on to the middle of 
the snrfkce^ as in the case above described. Musses of bacilli soon spread 
over the siirface; the superficial layer of the geUtine becomes liquefied 
by the growth, and this liquid hiyer teems with spore?. Now, I decant 
this liquid layer, and having plugged the flask again, subject it to 
boiling. What will happen ? By the process of decanting a quantity 
of the growth is i-emoved, but a great deal (spores and threads) is 
still left behind on the surface xx*ady for fresh growth. Next, heating 
the gelatine mass, and thereby making it licjuid, of course all growth 
(spores and threads) sinks to the bottom of the flask. But boiling the 
mass for about a minute or so does not kill all living matter. The 
threads of bacillus are indeed necessarily killed by the boiling ; but not 
the spores. This is proveil by the fact that on allowing the gelatine 
to cool again, it becomes solid, and now all particulate matter is kept 
enclosed at the bottom of the flask ; and a new and beautiful growth of 
typical bacillus anthracis growing from the spores soon makes its 
appearaace at the bottom of the fla^ik, while the surface of course 
remains free. One of the finest git>wths of bacillus anthracis threads 
in the shape of a forest- like mass of pei*pendicularly ascending bntnched 
minute plants at the bottom was obtained in this very manner ; but 
under these conditions no new spore was formed — the growth of the 
threads did not reach the surface. 

In cell specimens of the kind mentioned above the bacillus anthracis 
grows very well both in the neutral pork broth as well as in the 
gelatine pork. In the latter, when kept solid, t.e., at a temperature of 
about 20-25° C., the progress of the bacillus can be readily 
watched. The change of the bacilli into the very characteristic 
homogeneous-looking long threads forming bundles twiste<l round one 
another in a spiral manner so as to resemble a cable ; the extension 
of the threads in all directions ; the appearance of spores and their full 
development, come out here with the same beauty as in the previous 
cultivations. One drawback to the cultivation in cell specimens is 
the possibility of contamination with air organisms, as has been 
mentioned before. In many instances the growth of bacillus anthracis 
proceeds all right for two or three days, even to the formation of spores, 
bat then an unpleasant crowd of moving bacilli, or what is equally 
common, zooglosa masses of innumerable micrococci cover everything 
in the field, including the bacilli anthracis. But I have had a 
good many specimens in which the growth of bacillus anthracis re- 
mained free of contamination. In such cases it is noticed that after 
some days the gelatine becomes also here liquefied. While in some 
Epecimens active spore formation is observed, in othei*s, kept and 
established under apparently the same conditions, there never is a trace 
of real spores, or at the utmost there is a sort of abortive or imperfect 
spore formation. In the latter cases the whole growth of bacilli in the 
preparation gradually disappears, and dwindles down to an insignificant 
number of hyaline threads, just as was the case with the cultivations in 
the test tubes and flasks. But whether the growth leads to the formation 
o! spores or not, there is always, already in the early stages when the 
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App.u. No. 2. bundles of bacillus threads arc yet few and not very long, this fact to l>e 
On the noticed, viz., that in many threads there are a good many shorter or 

^tkf*^'^ P^. longer spaces in which nothing but a hyaline sheath or tube is noticeable, 
Septic Bacteria; the highly refractive contents or the protoplasm within the tube being 
by Dr. Klein. wanting; as the gi'owth proceeds the number of such threads with 

empty spaces in their sheath increases, ahd whole threads of immense 
length may bo found in this condition, i,e,, in the state of hyaline tubes 
or sheaths from whose interior the protoplasm has altogether disappeared. 
This is always noticed in the growth of the anthrax bacillus threads ia 
cell specimens ; samples taisen out at any stage from the cultivation in 
test tubes or flasks show the same condition, viz., there are always 
present longer or shorter threads, >vhich either entirely or partially have 
become barren of the protoplasm inside the sheath. In cell specimen?, 
it is possible to ascertain that the growing ends of the threads which 
may be found in the peripheral pai*t of the drop as straight filaments 
with a rounded end, are always full of protoplasm, and that the 
deficiency in protopla.sm commences at some distance from the end. 
By-and-by the greater number of threads may thus lose altogether their 
protoplasm, and hereby become quite transparent and almost lost totaght, 
but a careful inspection can still detect their presence. Some appear 
ultimately to break up altogether. This change, viz., the disappearance of 
the protoplasm in the threads from place to place, is associated, generally 
but not always and in all places, with the appearance of irregularly 
sized granules in the tubes, these disappear gradually, becoming evidently 
dissolved and absorbed, and the then sheath appears ftt such a place or 
places quite empty, i.e., without containing any solid protoplasm. These 
granules are not spores, as I shall show below. I consider it .merely a 
form of degeneration or death of the protoplasm. Another change 
in the cell specimens is the appearance of spherical corpuscles, either 
isolated or in close rows or chains ; in this latter case we have a thread 
of regular varicose appearance, not unlike a chain of torulfe. The size 
of these spherical corpuscles is in their best development that of a 
human red blood coipuscle, and in aspect they are identical with ihe 
gonidia of an oidium or the cells of torula, i.e., within a cell mem- 
brane they contain clear contents and in this a minute nncleus. 
They become elongated and by fission divide into, or by gemmafion 
produce, two new spherical corpuscles. The growing ends of the 
threads seen at the marginal part of the specimen sometimes are con- 
nected with such a chain of spherical torula-like corpuscles, and in this 
respect the appearances bear a striking resemblance to the formation 
of gonidia by mycelium threads. This change also has nothing what- 
ever to do with the formation of spores. It can be ascertained to 
exist always also in the cultivations in pure pork broth and gelatine 
pork in the test tubes and flasks. In some cultivations in the neutral 
pork broth I have met with it very extensively already after a few days 
incubation. With great distinctness and profusion I have seen it in 
cultivations in gelatine pork carried on at the temperature of the room. 



^anresm^^' The observations which I have made on the life-history of the bacillus 

bacufiT anthracis differ in some respecta from those of previous writers. 

Starting with the bacillus anthracis of the blood, introduced into the 
cultivations of neutral pork broth or of the mixture of this broth with 
gelatine, it is invariably the rule that, as noticed by other observers 
(Koch, Pasteur, Buchner, and others), the bacilli grow out sooner or 
later into long homogeneous-looking threads which form bundles, the 
individual threads coiling round one another in the manner of the wires 
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of a cable* But there are always some short bacilli^ or chains of them App. b. No, 2. 
and short thread? ; especially in the former it is noticed in the fresh q^ ^. — 
state and after staining, that their ends are not so blunt a^ is Ui^ually R^.iation of 
represented, but that the/ are slightly roimded ; and the same rounded S^pn^^&iSerLi 
appearance is also noticed on the ends of the threads, which are ^>' ^r» Kieiu. 
undoubted anthrax bacillus threads. In all specimens of gelatine pork 
above described the rounded conditions of the ends of the threads is 
easily perceived. 

In the first few days the cultivations of neutral pork broth inyariably 
show, as mentioned above, a uniform distribution of shorter or longer 
bacilli, isolated and in chains. These gradually lengthen and then of 
coarse by their weight settle down at the bottom of the fluid whence they 
grow upwards into the characteristic long convolutions. I presume the 
uniform distribution of the bacilli and the general turbidity of the fluid 
caused hereby in the early days is due to the bacilli following Brownian 
molecular movement, as well as to their being able to float in the 
fluid, but when they grow out into long threads their weight and the 
cessation of molecular movement draws them down to the bottom 
of the fluid, which for this reason then becomes clear. That the 
isolated and short chains of bacilli causing the general turbidity of 
the cultivation in the first few days are really anthrax bacilli as much 
at? the typical long threads afterwards formed, is shown by the fact that 
ii' with these latter a cultivation is started it presents the turbid appear- 
ance in the first few days, and secondly, at any stage the smallest 
quantity of the cultivation kills with typical anthrax guinea-pigs and 
rabbits.* 

With Abbe's condensor and Zeiss' oil iramereion objectives it is possible 
to discover in these threads, already in the fresh and living state from 
place to place, a diflerentiation of a thin sheath forming the tube, as it 
were, and a protoplasmic contents, and this protoplasmic contents 
appears subdivided into a single row of short, almost cubical blocks or 
cells. In many places this subdivision of the protoplasm into cells or 
even the diflerentiation into sheath and protoplasm is not distinct in the 
fresh state, but comes out with greater or lesser distinctness after 
staining or after certain reagents. Thus, for instance, careful staining 
them fresh with anilin dyes (gentian violet, methyl violet, methyl blue, 
•Spillers' purple, &c.) brings out in many places this differentiation into 
sheath and protoplasm, and the subdivision of the protoplasm into square 
or rather cubical individuals or cells. Adding a nearly concentrated 
solution of acetate of potash to the fresh preparation brings out these 
appearances also very well. Still more, and in fact with marvellous 
'Hstinctness, does it come out in dried and stained specimens (after 
WeigCTt and Koch). Watching the bacilli of the spleen or any other 
organ while drying under the microscope, the gradual diflerentiation into 
sheath and cubical cells can be followed very readily. I have made 
an endless number of stained specimens of bacillus threads of my 
cultivations in pork broth and gelatine ()ork, and hare invariably fomid the 
same appearances, provided the specimens be not overstained, or if so, 
well washed with alcohol, viz., the whole protoplasm of each thread 
is subdivided into a single row of cubical cells, stains well with the 
anilin dye, and distinct from the general sheath of the thread. Koch 

* These pecaliarities of the early bacillus growth may or may not be connected 
with the ability of that growth, which is not possessed by later stages of the same 
growth, to kill mice that are inoculated with it. However that may be, these early 
peculiarities have no relation to spore formation. Spores hare, indeed, nothing in 
common with these rounded ends and cubical cells, which stain in a way that spores 
^ not stain, and have a quite different shape and refractive power. 
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App. b. No. 2. lias poiuted out that the bacillus anthmcis shows in dried and sUined 
specimeus a very characteristic subdivision into shorter or longer rod-like 
structures, and by this alone bacillus anthracis can be distinguished from 
other bacilli. He gives in liis work (Cohn's Beitrage II., Bnd. III.) a 
photograph to illustrate this point. In this illustration the subdivision 
of the protoplasm is not by any means numerous, far less than in my 
case, for I find the individual members not rod-shaped but cubical. It is 
true here and there it is seen that instead of a cubical we have an 
elongated or rod-shaped cell, but in some of these we can clearly discover 
a slight constrictiou in the middle, a sign of commencing division into 
t^vo. The independence of the common sheath of the thread and thes*^ 
cells Koch has not noticed. 

But also in the bacilli of the blood and spleen of mice, guinea-pigs, aud 
rabbits, dead of anthrax, I have noticed precisely the same distinction 
into common sheath and the subdivision of the protoplasm into cubical 
cells, or when the cells are elongated a middle constriction was noticeabl**. 
Accordingly the length of a bacillus, viz. whether, a longer or shorter rod, 
or a longer or shorter thread, depends entirely on the number of cubical 
protoplasmic cells contained within the common sheath. The cells ma/ 
be seen aggregated into two's or into four's, that is, forming longer or 
shorter rod-aggregations. 

Bacilli obtained fresh of the spleen of an animal dead of anthrax show 
in some instances an absence of the protoplasmic contents within the 
sheath ; this may be only limited to a small spot or may involve the 
greater part of the length of the bacillus. In sections made of hardened 
or fi*esh organs of an anthrax animal, after staining with logwood, or still 
better with anilindyes, the same api^earance maybe met with, viz., limited, 
deficiency of protoplasm in some bacilli. Koch (/.c, p. 40, and Plate V., 
figs. 29 aud 30) mentions this appearance of stained bacilli from the 
spleen of an anthrax rat. 

On a former page I have described a similar local deficiency of the 
protoplasm in bacilli andbacillue threads in the artificial cultivations at all 
periods of growth, even at the earlier stages, and in these circumstancM 
the deficiency extends in some threads over long distances and in conse- 
quence only the hyaline transparent sheath of the original thread is left, 
and this ultimately may also become broken up. 



Glmnges other 
than sporo 
formatioD. 



It appears to me very probable from numerous observations that io 
every bacillus at some period of its growth one, two, or more consecative 
cells may cease to grow and to multiply. These cells die if spore 
formation does not occur in them, and their death is indicated by a 
granular disintegration of their protoplasm and a final solntion and 
absorption of it. In this case the sheath of the bacillus thread remains 
empty at this place. Such bacilli and bacillus threads are thicker than 
the unaltered ones. 

The division aud gemmation of the above-mentioned torula-like cor- 
puscles or gonidia leads to the formation of cludns, at first entirely com- 
posed of torula-like gonidia ; by active division of these gonidia the 
chains rapidly elongate ; in a further stage the gonidia are transformed 
into oval elongated cells, which are thinner than the original gonidia, 
and ultimately they change into rod-like celb, again thinner than the 
oval cells. When the latter stage is reached we have already to do 
with the typical thread of an anthrax bacillus. In some such threadi) 
there are seen numerous places in which the preceding stages of ova) 
cells and of spherical gonidia can be easily recognised. We have, then, 
here before us a new form of growth of the bacillus anthracis very 
similar to that of an oidium growing in a fluid. 
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The climinutioii of the bacillus mass in tbe artificial cultivations in test Apr. B, No. 2. 
tubes and flasks described on a previous page is due to the degeneration on the 
and disappearance of the protoplasmic cells in the threads, so that at fii-st ^^^^^^ to 
tbe transparent sheaths are left, and they also break up ultimately. This Septic Bacterm; 
degeneration takes place chiefly on the plan of a gradual gi'anular dis- ***' ^^' ^'®*"" 
integration of the cells within the sheath. In the first stage of this 
process, and especially if the preparation has been stained, it is noticed 
that iustead of the cubical mass of protoplasm representing one cell, '^ve 
find either one large granule or a delicate dumb-bell joined by a shorter 
or longer thin pale bridge. These appearances I have seen in many 
places in undoubted anthrax bacillus threads ; of an accidental admix- 
ture there can be no manner of talk, since the general sheath passes 
uninterruptedly over ail unaltered and altered cells. In a further stage 
of disintegration the granules dwindle down and are ultimately altogether 
lost Koch figures (Unter u. path. Organismen, Plate YU., fig, 39) thin 
bacilli showing a similar appearance to that just described ; in Koch's 
case they were not anthrax bacilli, and Koch does not decide whether 
this appearance means spore formation or not. I am quite confident it has 
nothing whatever to do with spore formation, although I at first thought 
this to be tbe initial stage of it (see Cohn and Koch) ; but in my case 
there is at no lime to be seen in them a trace of a bright oval spore. 
Tbe whole protoplasm of a thread may give origin to these granules ; 
they become smaller and ^mailer and more numerous and irregularly 
distributed in the sheath an4 ultimately altogether disappear. 

In some instances I can see something like a thin septum stretching 
between some of the cells and fixed to the membrane of the common sheath, 
but I cannot be quite certain about a septum being present between each 
two cells. I think that the sheath of many a bacillus, be it short or long, 
be it a straight thread or a curved one, is traversed by such septa at 
relatively few places ; in many places it is a continuous membranous tube 
in which the protoplasmic cells lie in a single row. In threads in which 
tbe above-mentioned granular degenemtion occurs the presence of septa 
can be easier ascertained than in perfect bacilli, but one must not confuse 
them with transverse discoid d^bns within the tube. In some such tubes 
it is seen that many compartments contain one cell ; others contain two 
cubical cells or one oblong ; and still others there are that contain three 
cells, one oblong and two cubical ones. In threads in which the above- 
mentioned nodose swelling up of the cells has taken place there are 
distinct signs of septa between the individual cells, especially where the 
defeneration comprises a whole row of cells. 



Comparing the bacillus anthracis of heart's blood or spleen of a mouse, J^^^^o* of 
guinea-pigi or rabbit, dead of the disease, with the bacilli and bacillus "^^^* 
threads grown in the cultivations of neutral pork broth, or in a mixture 
of this and gelatine, it is found that the organisms are almost twice the 
thickcess of those taken from the animal. I do not refer to the bacilli 
and threads in which either granular degeneration or the torula-like 
swelling in its cells or spore formation is going on, for these are naturally 
thicker, but I refer to bacilli in which unaltered protoplasm is contained 
within the sheath. 

iSwart (Quarterly Journ. of Micr. Scien., April 1877) maintains to 
have observed a transition of the ordinary non-moving bacillus anthracis 
into flagellate-moving bacillus. I can only say with reference to this, 
that in all my observations, whether conducted in test tubes or in 
cell specimens, there was never anything of the sort observable. Ewart 
took no precaution whatever against contamination with other bacillus, 



190 

Afp.B.No.2. and therefore his observations lose all value, since it is probable that 
On the ^® ^*^ before him an ordinary flagellate baeillns. 

Relation 9f Buchner (I.e. p. 394) also claims to have seen a tran»tion of a non- 

SeptwlaSeria; Hioving typical bacillus anthracis into a flagellate baciUos, bm in 
by Dr. Klein. Buchner's case this is supposed to have come about in a gradual maniKT 

after more than 1,100 generations. Notwithstanding the incpoMng 
number of generations, I nevertheless doubt the reality of this transfomifl- 
tioD, since Buchner's cultivations are open to the objection that the? 
were contaminated with an air bacillus. Besides, Buchner, in conoesioo 
with this very transformation, makes certain statements as regards the 
influence on this transformation of the acid reaction of the bay infoiioa 
in which the bacilli were cultivates] and transformed into flag^bof 
innocuous hay bacilli, statements, I say, which I know to be inoorrei^ 
as I shall show later on. He says, for instance, (/.c.,p. 392), "that the 
" slight acidity of hay-infusion prevents altogether the growth of the trui' 
" bacillus antliracis." This statement is to me unintelligible, since I hafc 
seen bacillus anthracis starting ofi^ into a very good growth in acid baj 
infusion, as well as in other acid nourishing fluids. This statement li 
Buchner's, if it is to be accepted at all, must be accepted to mean some- 
thing else tlian what Buchner infers, viz., that the true bacillus anthraci" 
in the acid hay infusion used by Buchner had no chance against tbc 
hay bacillus growing in it, and of which Buchner had not quite gnt 
rid previous to the inoculation with bacillus anthracis. 



Mechanism of I have mentioned above some of the conditions under which »poK< 

Bpore formation. ^^^.^ fQ^naed in my cultivations, and I wish now to state the manner in 

which this takes place. Examining in the first state the bacillus of 
such cultivations in which spore formation is just commencing, it will 
be found that the protoplasm of the bacilli and bacillus threads appears 
slightly granular. Where no spores appear it is uniform in aspect. In the 
granular ones are seen here and there bright glistening spherical^ or ml her 
cubical and elliptical, or rather rod-shaped spores. The spores are riightiy 
truncated at their ends, and slightly convex where in contact with tbc 
sheath. Staining such specimens with Spiller's purple it will be fOTp*! 
that the granular as well as the homogeneous protoplasm stains rea^ilj 
and deeply, whereas the spores, both the spherical as well as the oral 
ones, remain unstained, and therefore contrast well with the rest of the 
bacilli. This Fame relation is exhibited by specimens stained with oth»r 
anilin dyes, but best with gentian violet and Spiller's purple, Th* 
different parts of the bacillus threads show a great difference with 
respect to the number of spores. In some places there is for long 
distances a single cubical or oblong E^pore contained in the thread: 
in others they are more numerous; and still in others they follow 
one another as numerously as the eleroentaiy cells. It is found tlut 
wherever a spore appears it is at once either cubical or elongated, au'l 
conspicuous by its glistening appearance and remaining unstainetl- 
The cubical ones when ripening become elongated, but always remftio 
of the bright appearance; it is further true that each cubical spore 
belongs to an elementary cell, but where this latter has become elon- 
gated and slightly constricted, preceding division, as mentioned on a 
former page, we may find two such spores contained in it. In 80in« 
places the cubical spore remains single in the oblong cell. The 
elongated spores are as a rule placed parallel to the long ax^is of the 
bacillus ; but in some places I have seen one or the other spore plftcc<i 
in a diagonal direction. The elementary cell containing a spore still 
possesses a trace of protoplasm around the spore ; but this remnant oJ 
protoplasm sooner or later breaks altogether away, and the spore is frc^ 
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• fit. I have, however, seen sporeB which after having left the sheath at?, b. Ko. t, 

• >r the thread, still showed at one end a trace of the protoplasm. On the 

According to the facility with which spores are formed in a cultiva* ^{jSlS^cto 
tir^n, we find the number of spores formed in a bacillus thread varying, tseptic B«cteri« : 
In some threads every cell for some distance may develop a ppore, in ^J^'*^^^^ 
others nnmerous cdls remain always without spores, and their proto- 
plasm crumbles down into a granular debris. Under all conditions, 
iiowever, the thread becomes much tlucker, the sheath swells up, and 
irr^ulually is lost as such. In some cell specimens I noticed an abortive 
ormation of spores ; these appeared as irregularly distributed spherical 
^mall spores, which never grew into the typical fully- formed large 
•longated spores. 

The conclusion we then arrive at from all these observations is this : 
Under most favourable conditions every elementary cell is capable oi 
torming a spore ; these spores are bright and glistening, and do not stain 
(see Koch). At first they are spherical, afterwards larger and oblong. 
If the cell ia an elementary or cubical one, it forms one spore ; if it is 
<4oagated and constricted, i.e., before dividing, it may form two spores ; 
not all the protoplasm of the cell is involved in the fonnation of the spore, 
a trace -of it is left around the spore, but sooner or later crumbles away 
us a granular debris. If the conditions are not so favourable, only 
a limited number of cells form spores, in the rest the protoplasm 
ilefrenerates into granular debris, and under unfavourable conditions, 
especially in the absence of a sufficient supply of air, no spore is 
formed in any of the cells. When spores are formed they escape after 
tbe sheath breaks down. 

Ewart (/.c.) maintains to have observed a division of the spores 
after they had become freed of the bacillu:^ sheath. This statement 
also requires confirmation. The above-mentioned couples of spherical 
s|)ores Ewart also noticed, but they are not due to a division of spores 
as Ewart maintains, but are develo[>ed as such in an oblong dividing celL 



I now enter one of the most important parts of this research, viz., the inoculation of 
results of the inoculation of rodent animals with the bacillus antbracis "^^{hSii^^'** 
of the artificial cultivations described a)x>ve. 

At the outset I wish to state the manner in which the inoculations were v *! od. 
carried out. The animals used were white and tame brown mice and 
ofilsprings of both, further guinea-pig8,and rabbi t-s. As a rule the mice were 
inoculated into the subcutaneous tissue of the tail, the guinea-pigs and 
rabbits into the inguinal skin or subcutaneous tissue, or into the skin of 
the ear4obe. The infective material, blood of an anthrax aninml or bncillns 
of a cultivation, is collected in a capillary tube freshly drawn out and is then 
blown out into aBmall incision made into the irue skin or subcuti&neous 
tissue, according as desired, with a sharp b}..«le that has been before 
perfectly disinfected in the gas blowpipe. By this method of inocula- 
tion I always made certain of not getting any contamination by the 
instnmients, — syringe and cannula that may have been used in previous 
inoculations. In some cases I used also Pravaz syringes, viz., when 1 
iuocolated with blood of anthrax and expected fatal anthrax ; for in 
this case, even if the syringe should not have been cleaned of anthrax 
particles of former inoculations it did not matter. Knowing the great 
difficulty of thoroughly disinfecting Pravaz s}Tinges, heating not being 
available, 1 did not practice as a rule inoculation by means of the syringe. 
In the case of guinea-pigs and rabbits a syringe can be always dispensed 
with, since a capillary pipette drawn out to a fine point and charged 
with the infective material is as easily inserted to any distance into the 
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inguinal subcutaneous tissue as the cannula of a hjpoderraic syringe. A 
minute incision having previously been made, the capillarj pipette i* 
emptied of its contents as usual, i.e., bj blowing into the near end of it 
: But even into the subcutaneous tissue of the tail of a mourse a cspiliarr 
pipette drawn out into a fine point can be easily advanced for a 
distance sufficiently long for safe inoculation. In all my inoculatioib 
vrith blood and with fresh cultures I have used only very minute quant ili*^ 
of the infective material, a portion of a droplet to a drop, and 1 foun<i 
that as a rule the quantity of the material intro<luccd wa5, if 
other conditions were equal, seldom a matter of any importanct. 
Buchuer and Greenfield speaking of the early stages of sucoessivc 
cultivations, maintain to have had to introduce in somo cases larger 
quantities of the same material than in others in order to produce an 
effect, owing to the activity of the material having become dimiobbeil 
by cultivation in the former and not in the latter. These statemeDti 
may be, and probably are, best explained after Koch, by the assump- 
tion that the original cultivation had become contaminated by anotbir 
bacillus ; tlie baciUus. anthracis remaining in the minority is gnuiuailj 
overgrown after a certain period or after a certain number of cultivatiou^ 
bj the contamination bacillus, and hence larger quantities of the fluil 
are to be used to get hold of one or the other stray bacillus anthr»ri^ 
left therein, and after some more transfers the original number of bacilicf 
anthracis had become so much diminished that perhaps even a Xsrji*: 
quantity contains no other than the contamination bacillas. In my culri- 
vations I never noticed such a condition, t.€., I never found retaciQ for 
supposing the anthrax bacillus to undergo change in its viruleaee, 
otherwise than as there might be question of spore fonnation on tly 
one band, or of degeneration (that rendered the bacillus complet^^lv 
inert) on the other hand. I have indeed, on occasion, found &l 
exceptionally large quantity of inoculating material to be required ; bu: 
this circumstance has always appeared to me perfectly well explained 
through the small number of really active bacilli existing in tli^ 
particular material. This has taken place, ^.^., in cultui^es of pur- 
bacillus anthracis without spores, that had been kept for some week: 
(see below), and where there had been a gradual diminution of tht. 
number of active anthrax bacilli. 

A point of importance which I wish to mention here refers to thf 
time of death of rodents after inoculation with anthrax. As a rule thej 
die within 48 hours from the time of inoculation: some within 20 hoa^^, 
others in 30 or 36 hours, and a few others between this and 48 honn. 
Few animals survive the third day, although I have seen mice aai 
guinea-pigs die after Ave days, of typical anthrax. A given culdva- 
tion used after the same method and in the same quantity for tb 
inoculation of several mice will kill some of them more rapidly than it 
will kill others ; and the same is true if guinea-pigs are the animal* 
under experiment. I have seen animals (mice and guinea-pigs) di^* 
within 20 houi*s after inoculation with infinitesimal doses of arti6ciallv 
cultivated bacillus anthracis. The presence of 82)ores makes no dificrcnct 
to the rapidity of death. A guinea-pig inoculated with spores that h^d 
been first of all frozen with ether spray, and then allowed to thaw, died 
within 24 hours. 



Observations on Inoctdation. 

It is not necessary for me to enter here into a description of the 
symptoms of anthrax in rodents, since these are well known through 
the various descriptions already existing, and I may refer the reader 
especially to those given by Koch in his several writings on anthrax. 
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But one fact I must mention here, viz., the great irregularity pre- App. B. No.2. 
?oijtt?J by the spleen in the animals (mice, guinea-pigs, and rabbits) ; on the 
iu i^ome instances the spleen is very much enlarged, in others it is not S^^i^JJJL?' x. 
tnlarged at all, but in all instances it contains bacilli, though the number SepUc^Sft^rU; 
of these varies considerably, without, however, standing in any relation ^^ ^^^ ^^®^'** 
to the dm^tion of the illness. 
I. Inoculation with blood of an animal dead of anthrax : With antfarax 

The blood was derived from the heart of motise, guinea-pig, or ^^^ 
rabbit, either quite fresh, or after one, two, three, to eight days. In all 
iustances death followed after the introduction of infinitesimal doses. 
Before inoculation 1 ascertained that the blood contained the bacilli in 
sufficient numbers to make it pretty certain that some bacilli will be 
present even in so minute a quantity. When using infinitesimal doses it 
U nec<»8sary to bear this in mind for the following reasons : suppasing the 
point of a needle is well steeped into the blood of a guinea-pig or rabbit dead 
of anthrax, and then with this needle tlie skin of a mouse, or guinea-pig, 
or rabbit is pricked down to the subcutaneous tissue ; out of 10 such 
inoculations the chances are that alt 10 will be successful ; but sup- 
posing the point of the needle be well dipped into the blood of a mouse 
dead of anthrax for some hours, and the inoculation be performed as 
above, oat of 10 such inoculations the chances are that tbere will be 
several failures. The reason lies in the peculiar way the bacilli are 
dbtributed in the blood fluid, being now most of them collected in masses, 
owing to being held together by a granular, imperfectly coagulated 
librine. Dipping the point of a needle into the blood, it mfly chance 
that the point of the needle does not take up one of these coagula, — they 
l^eing sometimes large and fer between, and in this case the inoculation 
^vill he unsuccessful. A similar connexion, i,e., the aggregation of the 
l«i(iHi by granular coagula, may be also observed in guinea-pigs and 
mbbits some time after death, but not to such an extent as in mice, 
I well remember to have been rather puzzled one day about the in- 
explicable cause of death of four of my mice that had been inoculated 
with anthrax, but apparently did not show any bacilli in the blood. 
The animals had been dead lor some hours (less than 20), and speci- 
mens of blood of the jugular vein and heart withdrawn with a capillary 
j)ipette, and used for microscopic preparations, did not reveal the 
piT'scnce of the "bacilli. I then made specimens of the tissue of the 
>pleen, which organ was only slightly enlarged, and found it teeming 
with the characteristic anthrax bacilli. I examined the blood 
'»?ain, and especially collected from the cavity of the heart blood with 
the blade of the knife so as to <2:et out not onlv fluid blood but 
tmgula as well, and then I met a number of large coagula crowded 
with the bacilli. These peculiarities, in fact, account for several 
«'ascs in which 1 thought at fii-st to have to deal with animals re- 
fractory against anthrax ; but on inoculating them again with guinea- 
pig's blood containing uniformly distributed bacilli, they all succumbed. 
The older the blood, and the longer it has remained within the body 
f'f the dead animal, the less chance there is of its retaining the 
bacilli in a living condition, and the greater also the chances of these 
bacilli having disappeared and other saprogenic bacilli having made their 
appearance. These points have bpen well ascei^ined by Koch, and I 
can fully confirm them. I shall have to return to this point in a later 
^port, in which I shall give the results of a systematical inquiry into 
this death of the bacilli in the organs of an animal dead of anthrax. 
In some instances I have had opportunity of using grey mice for my 
inocolations, and also bastards of white and grey mice, but did not 
notice any refractory power possessed by the former against anthrax 
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App.B.No.2, blood. Some observers have noticed a certain amount of resisUiico 
On the offered to the anthrax virus by the grey mouse, but in these iobtana.'? 

^thogSiic to *^®y were wild mice, whereas in my cases they were born in captiTuy 

Septic Bacteria ; and tame. 

by Dr. Klein. ^^ ^j^^ g^^^ ^£ ^^le inoculation with blood in mice the place is always more 

or less marked as slightly discoloured, and a little tumid, but since deftth 
as a rule occurs within 36 hours there is not much chance of inflannob- 
tion. After the inoculation of mice with blood, aJid the same appliee to 
other anthrax material, as well as to artificially cultivated anthrax, tbi 
animals appear in perfect health until a short time, sometimea haif ai. 
hour or an hour before death ; they are very lively and feed weU, noihit- 
in their condition reveals the presence in them of the seed of death, vhu 
suddenly they become quiet, their movements become impeded, th^-: 
breathing rapid, and their temperature begins to sink ; and after ki; 
an hour or even less, sometimes more, up to two hours, they are deal 

So remarkably sudden is this change from apparent health to t 
sickness rapidly and surely fatal that this form of the disease hag lu 
Grermany received the name oi fulminirender Milzbrand, TeuftUschu^ 
(RoU, Lehsbuch d. Path, und Ther. &c., Wien, 1876, I^ p. 493). 

In gainea-pigs I noticed on inoculation of blood or any other antlms 
material and artificial cultivations into the subcutaneous tissue of tb.' 
inguinal region, as a rule befoi'c the day is over, a distinct cukmaio*^' 
swellings this increases gradually till the animal dies, which in the ca*- 
of blood happens generally within 36 or 48 hours. Death is also hti' 
rapid, but not so rapid as in mice, since the animal becomes quiet aci 
weak several hours before death takes place. On post-mortem examiiuitio: 
the subcutaneous tissue of the inguinal region and abdomen, especiaUr<'r 
the side of inoculation, shows much ocdematous swelling. Near the ^eat i* 
the inoculation there are a few hacmorrhagic spots, but the cedema v 
generally free of blood ; cutting into the tissue a quantity of clear s^ruci 
flows out that contains only very few bacilli if examined soon ait^*^ 
death. Later on their number is much increased. In some cast--, 
especially of prolonged illness, this oedema is so extensive that it' 
subcutaneous tissue of the inguinal region, abdomen, and chet^t i- 
uniformly infiltrated with the serum. This oedema I have not mid?<t- 
with very few exceptions, in the cases of inoculation of bacillus un- 
thracis and their spores, no matter whence derived, if the inoculation 
is made into the subcutaneous tissue of tJie inguinal or cUfdomim'^ 
region^ but it wjis absent if that of the ear-lobe was the seat of in(H c- 
latLon. That in our case we have to do with veritable Anthrax tber- 
can be no manner of doubt from the symptoms, the nature of U-^ 
bacilli, and their distribution in the organs. Pasteur mentions a aiml: . 
appearance of oedema in some of his sheep. 

In rabbits the oedema is not so frequent tis in guinea-pigs^ ^'^ 
is it so pronounced, but nevertheless I have met with it in se\\r>' 
instances of inoculation into the subcutaneous tissue of the ingwirf' 
region.* 

It must be, however, understood that this symptom of subcutane<'- - 
oedema in guinea-pigs after inoculation into the subcutaneous tis^ui- « 
the inguinal region occurs not only after the inoculation with bloal '•' 
with tissues, but equally distinct with ai'tificially cultivated bacillus >tr.- 
its spores. 

* What tlie meaning of the statement of Wernich's (Central, f. med. Wis*., N. 1- 
1882, p. 217) is, that rabbits "although not absolutely refractory, nevertlu'ley a*- 
▼ery little susceptible '* to anthrax, I cannot comprehend, since I have never fou? * 
a rabbit escape death after inoculation with anthrax blood or artifictally coJtivatt . 
active bacillus anthracis. 



195 

Inoculation into the corinm itself of the inguinal region of guinea- App. b. Ko. s. 
pigs produced only very slight oedematous sweUing about the point of on the 
mociilatioii ; in rabbits such an inoculation is not associated with ^i^^^^"9', 

, ' FathogCTic to 

OMlcma. Septic Bacteria ; 

by Dr, Klein. 

2. Inoculations with artificially cultivated bacillus anthracis. culuvSi* niu* °^ 

The experiments which I wish to mention here were made with 
bacillas anthracis derived from the mouse, guinea-pig, or rabbit killed by 
inocolated anthrax, after this bacillus had been cultivated iii the neutral 
pork broth or the neutral gelatine pork above described. In the foUow- 
ing I shall of course onlj take into account the cultivations which from 
the unaided-eye aspect, the microscopic examination and the experimental 
results of iaoculation with them, are to be considered as undoubtedly pure 
caltivations of bacillus anthracis. The first remove of bacillus anthracis 
from the anthrax animal will be considered as the first cultivation, the 
remove from this into a new cultivation the second cultivation ; from this, 
again, a third cultivation ; from this, again, a fourth, and so on. As a rule 
A'r soon as a cultivation showed a good crop of the bacillus, a next 
cultivation was estAblished from it by transferring inio the sterile 
nourishing material an infinitesimal part of a drop of the parent 
iniUiration. In some instances, especiaUy when the cultivations were 
kept at a temperature of 32-35° C. there was a copious growth 
•'f bacillas obtained already afler two or three days, in other instances, 
it the incubation was carried on at 20-25 ° C, I generally waited 
about six or seven days before utilizing the cultivation for the establish- 
ment of a new cultivation.* To term the cultivations " generations,'' as 
Buchner does, seems to me altogether arbitrary ; his ** 1,600 generations' 
are no more in reality 1,500 generations than they are '* 150 genera* 
lions," as Koch is only too lenieatlj inclinedj to admit (/.c, p. 24). A 
'' generation " could really only be called a new crop of bacilli pro- 
duced from spores of bacilli. If a bacillus grows out into a long 
convoluted thread or threads, t.e., if one or several elementary cells 
f 'iitinue to divide till they have formed a chain of enormous length, 
then we have no more right to call this chain a ful generation than we 
iiuve to consider the initial cell of the bacillus thread as the parent, the 
'^eeond ceU derived from this as the first generation, the third cell as the 
^cond generation, and so on, for then we could no doubt get millions 
•f generations in the very first cultivation that we established with the 
•acillufl taken from the blood. But even if in a cultivation spores are 
itrmed, this cultivation need not represent one generation only, because 
tilt spores first formed may, and as a rule do, germinate into new bacilli ; 
tbe^e or their offsprings again form spores, then germinate into bacilli, 
nnd so on witliin the same cultivation,as long as nourishment is present. 
But in Buchner's case there must have been cultivations in which 
■pores were never formed. In whatever way we look at it, we cannot 
J3x the meaning of the term '* generation," and therefore we cannot 
'^peak of a cultivation as a " generation." 

At the commencement of my experiments I used white mice for ^•^^®'- 
'^sting the activity of fluids and cultivations containing bacillus 
fmthrHcis, since, as is well knownfrom Koch and others, these animals 
are very susceptible to anthrax. Inoculation with a given cultivation 
<»f Wood bacillus in neutral i)ork broth kills mice, guinea-pigs, 
tvnd rabbits, when used during the first few days of incubation ; but 
-(^n a difference sets in, for after the first few days inoculation 

* For conTenience's sake, I shall speak of the days of exposure of a cultivation to 
a constant temperature in the incubator, as being days of ^' incubation." 
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of mice with the same cnltivation proved fatal only in a crrlaia 
percentage of ea-^c.*?, and after several days more a good manj mice 
remained perfectly nnaffccted by the cultivation. My cultwatioAi vfrr 
typical and perfectly pure, as I a^ertained by microscopic examinatior. 
and further experiments ; there were the typical convoluted cable-like 
bundles of the threads; on staining they were beautifally " cellular " ia 
structure ; inoculations of new cultivations which I made came np wrj 
finely. And inoculations with infinitesimal doses in gnmea-pigt and 
rabbits produced typical a?ithrax. The above mice were inoculaid. 
some by Pravaz syringe, others by deep incision and placing into tlit i 
drop or the cultivation. The inoculation was repeated in some iustanct^N 
but without effect ; the mice remained perfectly free of illness. This rwai: 
was obtained with the cullivatio?>, in some cases within a week, in other* 
after a longer period. How could this be explained ? Were all these mi^'^: 
refractory to anthrax ? Were they refractory only to the artificially culti- 
vated bacillus anthracis ? Were they attacked by it, bat did not (iie«4» 
was the case in Pasteur's experiments with the *' vaccine "? Had ib^ 
cultivated bacillus lost its virulence or altogether its specific effect afur 
the first remove from the blcod, and thus putting the cultiTatioos "■" 
Buchner and Greenfield altogether in the shade ? These were queslioib 
that presented themselves for solution. 

As I mentioned above, of the puiity of the cultivation I had nomanncf^^ 
doubt ; for this I had the most cogent reasons. I must state in connuif 
with this, that I refer not only to the use for inoculation of the cultivations! 
fluid pork broth, but also to cultivations carried on in gelatine pork in & 
microscopic cell specimen above described, where from day to day I c^uld 
follow the increase in number and len;;th of the bacillus threads. Soch Cul- 
tivations were also used for the inoculation of mice, and if containing no sports 
proved without effect. Another point I must not omit to mention, the meth-ii 
or rather methods of inoculation used with mice were perfectly reliable, s^nt^ 
really active material introduced in the same maoner proved efficacious. 

That the mice were not refractory to nnthrax~[it would ha^f 
been a most extraordinary thing if I should have happened to ?'• 
hold of one refractory mouse after another ; I have not founJ * 
mouse that was really refractory* to anthrax, if the proper material i» 

'*' In several instances of mice I have noticed irluit seems to denote a ccrtAic rr* 
sistance offered to the anthrax virus on the part of white mice, viz., that some of c7 
animals did not become affected by the virus the first or even the stvood ime tbt^ 
were inoculated with it. Thus I noticed some that resisted the action of the 
cultivated bacillus anthracis of a first cultivation ; then they remained also iioaff^<^*- 
by the introduction of typical anthrax hacillns threads of a second culti»tii«. 
and on a third time being inoculated with blood bacillus remained nevertbt'^f^ 
alive. They succumbed, however, on a fourth inoculation with bacillus $porv>ofa'' 
artificial cultivation. Another mouse remained unaffected afler the ixitrodacti^ra it 
anthrax blood filled with bacilli, but succumbed to the influence of an arti6cial calti 
vation of anthrax bacilli filled with spores. The inoculation in these cases was carn« 
out in the way described above, and I have no doubt that the material was proiHt'; 
introduced into the subcutaneous tissue of the tail. Not seeing any reason to aci-tt'' 
in the first instances a refractivity of these particular animals to the anthrax "rrs 
— for they succumb to it ultimately, thus proving that they were susceptible to tk^ 
virus, — it remains as the most probable explanation to assume that the vinis allhotL:- 
locally introduced, was for some unknown reason not carried into the general cirru^ 
lation. That in our instances it was the resistance offered by the tissne of the u 
to the life of the bacillus anthnicis, which prevented the development of the dis*^ 
is not a probable reason, since there exists no real resistance to the anthrax barilla* 
of either mice, rabbits, or guinea-pigs to prevent the fatal result generally produced ai>iT 
such incubations. 

A similar negative result after first inoculation I have noticed also in a few ot ^s 
^inea-pigs, where the fluid had been iutroduced into the subcutaneous tissue, and a1^' 
in a sheep. But in both cases a second inoculation with the same vims pn^lo'"*" 
positive results. The virus was introduced during the fijrst inoculation in sulficitJi'* 
quantity very safely into the subcutaneous tissue. 
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used; every one of them inoculated once or twice with it died] — app. 6. Xo.;:. 

was proved by the fact that they one and all succumbed* to anthrax On ihc 

afterwards when inoculated with a different but active material. And p**'?J''^V '*[ 

this latter circumstance proves at once that they had not been ** vaoci- ^♦''ptuMlllrt* Mn 

mited," in the sense of Pasteur, or any other sense, by the first **> ^ ki..jii. 

inoculation^ that in fact the first inoculation produced absolutely no 

disease. But, secondly, had the bacillus as such lost its Wrulence bv 

being taken from the blood and cultivated in an artificial medium ? Not 

hi the least, because the very same bacillus killed mice in the first few 

clays of the cultivation^ and later on it killed guinea-pigs and rabbits r^IJl^^^Vj w"it'h '*^ 

within 48 hours by typical anthrax, and blood of these animals killed hi "r*>fcini)nti.in. 

without fail within 36 hoiurs. What is more than this, the very same 

culdvaHon which failed to kiU a movse or mice at one time, kilfcd 

them without fail at cmother^ provided tlte bacillus fiad in the meantime 

had the opportunity to form spores. And this fact, viz., the presence 

of spores in the cultivation, is of the utmost importance in rt^bpect of 

the fatal efficacy of the artificially cultivated bacillus on the mice. 

Pasteur, as mentioned above, produced a certain incapability of tht* shi.p-MKci- 
bacillus to kill sheep, by growing it at 42-43° C. By these means ho p^'/J'ljj '*^ 
maintains to prevent the bacilli from forming spores which prove fatal 
to sheep when inoculated. I have mentione<i above that in my culti- 
vations in neutral pork broth, in which the bacillus mass remains quiet 
at the bottom of the vessel, no spores are formed, and it is such a culti- 
vjition which proves inactive on mice only. In Pasteur's case the sheep 
inoculated with such bacilli (prevented from foiming spores) are not 
killed by anthrax, but " vaccinated," and protected against the most 
virulent anthrax material. I have not yet succeeded in discovering the 
njethod employed by M. Pasteur, (and the details of which he has 
not published) for the production of "vaccine" protective against 
anthntx : and I can only say that in the case of mice there is no such 
(llnilnution of virulence as Pasteur has obtained in the cultivation with 
which he inoculates his sheep. The mice not killed or even injured by 
the pure bacillus threads of our cultivations succumb without fail to 
an inoculation with spores or blood bacillus^ or to an inoculation with 
the early stage of a new cultivation of bacillus derived from the former 
cultivation. This inefiicacy of the bacillus of the cultivation on the 
mice, after several days* cultivation, must be borne in mind when judging 
of Buchner'a results above quoted. Buchner (/.c, p. 384) finds i\\r 
greatest irregularity in respect of the supposed deterioration in virulenct 
of the cultivations, for while in one series, the third and fourth cul- 
tivation is inactive ; the fifth active if used in large quantity ; in other 
series other results are observed. Granted that Buchner had puro 
cultivations, of which, however, there is no sufficient evidence — set? 
Koch (/.c, p. 25), — these irregular results, I think, might be explained 
hy the assumption that the active cultivations were fresh or contained 
^pareSy the inactive ones were of some age and had no spores, Buchner\s 
cultivations being caiTied on in. a fluid medium^ and being used solely 
on white mice. More difficult is it to explain Greenfield's statements. 
He speaks of mice, guinea-pigs, and rabbits as all giving identical 
results under all circumstances, and this as if the identity of result were 
matter of course and of necessity. I do not propose to comment on his 
statements. 

As has been already indicated, a given cultivation of bacillus anthracis^ 
although speedily becoming inactive on some mice, proved under all 
conditions and for a considerable length of time, fatal to guinea-pigs and 
rabbits, no matter whether spores had developed in it or not. This 
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different behaviour of mice on the one band and guin6ft*pig^ end 
rabbits on the other, toirai*d8 an artificial cultivation of bacillns anthracid 
without spores, came indeed after a while to be a useful mesas lo 
decide whether a given cultivation of bacillus anthracis, trfter several 
days' incubation, contained spores or not. I have so often repeated 
the following experiment that I am confident it can serve as a typic^ 
one. A sample of a cultivation of bacillus anthracis in neutral pork 
broth, which appears to the unaided eye a typical growth, and in which 
cultivation the bacillus mass is left quiet at the bottom of the test tul^ 
or fiask for a week or two, when examined under the microscope, 6o& 
not contain any spores. Inoculate with it half-a-dozen mice and half-a- 
dozen guinea-pigs or rabbits. All or most of the mice will probably 
remain well, all the guinea-pigs and rabbits die within 48 hours. Allow 
the bacillus of the above cultivation to form spores, by sowing them 
on to gelatine pork, and keeping them well exposed to the sur&ce^ or 
establish a new cultivation in neutral pork broth, and now inoculate the 
above six mice, or as many other mice as yon like, with this new culti- 
vation in its early stage or with the above spores, every one of them will 
be probably dead within 36 or 48 hours. 

The conclusions to be drawn from this seems to me obvious^ 
Mice, unlike guinea-pigs and rabbits, are insusceptible to the bacillas 
anthracis when cultivated artificially in neutral pork, after this 
cultivation has been kept for some time, provided no spores are 
formed in the bacilli. But no imynunity of any hind is by such 
inoculation conferred on the mice. Since mice are very susceptible to 
the bacillus anthracis of the blood and tissues of an anthrax aninud 
in which notoriously no spores occur, and since they are (equally 
with guinea-pigs and rabbits) susceptible to the spores of the artificially 
cultivated bacillus anthracis and to the bacillus of a fresh cultivatioD, 
it seems to me it follows from the facts, as a necessary condosiom 
that this insusceptibility must depend both on the mice ofi well as on a 
change in the bacillus. 

I have made several series of observations, to be detailed at a future 
period, by cultivating bacillus anthracis in acid pork broth, and to my 
great surprise the fii'st cultivation, and also sometimes the second ciilti?a- 
tion, of blood bacillus anthracis in this acid pork broth formed spores, and 
consequently killed all mice when inoculated into them in infinitesimal 
doses ; but as cultivation was carried on into a third and fourth, the 
bacillus, although still copiously and typically gix)wing during the ^m 
four or five days, nevertheless did not form spores at any time. As a 
consequence it did not prove efiective on many mice ; but it prored 
fatal on guinea pigs and rabbits when inoculated into them in minimal 
doses. 

What has been said in the foregoing paragraphs, respecting the effects 
of inoculating with a given cultivation of bacillus anthracis in neutral 
pork broth and in gelatine i>ork, applies not only to the first or the 
second cultivation, but also applies, in exactly the same manner and to 
exactly the same degree, to the third, fourth, fifth, sixth cultivatioa, 
and even (as I have proved by my own observation) to the twentieth or 
thirtieth cultivation of the bacillus iu like nourishing material. A^ 
each new sample of sterile material is inoculated from a former samplo* 
a typical and copious growth of bacillus threads takes place in it. K 
the material be pork broth, spores wiU not be formed in it, as long as 
the gi'owth takes place undisturbed below the surface of the liquid. And 
each successive sporele.ss cultivation will after a few days (and alwiys 
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within a week or two) lose its power to kill mice, though U will retain A'^-B^No-^. 
for abont two mon&s the same power that precediog coltivations Ontho 
possessed of killing guinea-pigs and rabbits when inoculated into them. ^th5?pn?cfn 

If any of these cultivations of bacillus anthracis in neutral pork broth or ^P^^^ ^terui 
gelatine pork are k^t for several weeks, it will be noticed, as described J^ ' ^ **"' 
above, that the mass of bacilli gnuluallj diminishes in a conspicuous iiW'tieAtinn m 
manner. On a former page I have pointed out that already while active » <-'"i»^»^^J^"' 
growth is going on in the cultivation, some threads undergo degeneration, 
and when the pabulum in the cultivation is exhausted, this degeneration 
gradually extends over the whole growth. As a rule, as pointed out 
before, if during active growth the bacillus mai^s has been kept at the 
bottom of the fluid, no spores are formed, and therefore degeneration 
after the exhaustion of the pabulum gi*adually destroys every active 
particle of the growth. Thus it happens that the cultivation, taken as 
a whole, gradually loses its virulence, inasmuch as with the progress 
of the degeneration extending over greater numbers of bacilli, larger 
doses must be injected into guinea-pigs and rabbits to produce fatal 
result But this must not be taken as identical in meaning with what 
Buchner calls a diminution in virulence of a cultivation. According 
to Buchner larger quantities have to be used of a later generation 
{cateris paribus) to produce the same result as with a former genera- 
tion, because, he tells us, the bacillus anthracis is gradually changing its 
nature, becoming gradually converted into an innocuous hay bacillus. 

In our case the diminution in virulence of a cultivation is entirely due 
to a diminution in the number of active bacilli, and not to any pro- 
gressive weakening of the potency of each several bacillus. Wherefore 
the greater the number of bacilli destroyed, the fewer undestroyed or 
active bacilli will be found in a given quantity, or what comes to the 
fame thing, a larger quantity of material must be used in order to 
meet with an active bacillus. 

While there exist any living bacilli in the cultivation it is possible 
to start new cultivations, which when used in the early stage of the new 
cultivation or when allowed to form spoi*es kill without fail all rodents. 
I have made several experiments in this respect, and I have invariably 
obtained the same results. 



A first cultivation, which promptly killed guinea-pigs during the first 
fortnight when used in infinitesimal doses, failed to kill a guinea-pig 
when injected into the subcutaneous ticisue after one mouth ; a 
sample examined under the microscope showed hardly a trace of a well- 
preserved bacillus and no spores. I inoculated a test tube of pork broth 
with it and produced a beautiful growth of typical bacillus anthracis ; 
some of these extended up to the surface and formed a copious crop 
of spores. This killed a guinea-pig three weeks after it was established. 
In the above case it was evidently only a chance of our missing to 
have an active bacillus in the samples which we used for the inoculation 
of the guinea-pig ; but more luckily we got one in the sample used for 
the inoculation of the pork broth in the test-tube. 

The above guinea-pig which escaped anthrax was not immune against 
the introduction of the active virus, since it succumbed to an inocula- 
tion afterwards with bacillus and spores of a cultivation m gelatine pork. 

AH these observations seem to point out that there are two conditions R<?iation of 
to be borne in mind : (a ) a peculiarity possessed by mice and not to UKWuUUoir^ 
possessed by guinea-pigs and rabbits ; and (d) a peculiar change that results. 
tlie bacilli of the artificial cultivation undergo as the duration of 
incubation advances. As regards the first of these conditions it is 
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AtP'B. iXo, 8. known through Chauveau that Algerian sheep are altogether refractory 
against anthrax, and consequently these Algerian sheep possess a 
peculiarity not owned by the French sheep. 

According to Pasteur the influence of the air (oxygen) on the artifi- 
cial cultivations of the micrococcus of fowl cholera, and the artificial 
cultivations of the bacillus anthracis has a deleterious effect, inasmuch as 
it gradually weakens and ultimately altogether destroys the activity of 
the respective organisms. As I have no experience of the micrococcus of 
fowl cholera, I cannot say anything about it ; but of the bacilhis 
anthracis I can say something from my own observations, and I will 
undertake to offer to this theory of Pasteur, viz., of the dekterioas 
influence of the oxygen of the air on the bacillus anthracis, an unoon* 
ditional opposition. If in a cultivation we meet with a copious 
production of typical and beautiful anthrax bacilli and threads thereof; 
and if we find that owing to the absence of sufficient oxygen these 
bacilli fail to produce spores ; and if we further find that after a certain 
time the bacilli undergo degeneration, and not being able to form spores 
owing to the absence of sufficient oxygen, they genenilly all disappear 
from the cultivation : I think we are justified in concluding that the 
conditions are exactly the reverse of what is postulated by the theory of 
Pasteur ; in concluding viz., that it is the tcant of sufficient oxygen 
which destroys the bacilli. Jf oxygen had been present in suffieieni 
quantities, the bacilli toould have farmed spores and the cultivation 
wotdd have preserved its full virulence for an indefinite period. 

Pasteur, as mentioned above, maintains that hi.s cultivations, kept 
without spores, gradually lost all activity. ** If we examine the virulence 
" of the culture at the end of two days, four days, six days, eight days, 
** &c., it will be found that long before the death of the culture the 
** microbe has lost all virulence, although still cultivable." My observa- 
tions bear out to a certain extent this statement of Pasteur, inasmuch 
AS the cultivation lost its power to kill mice before it lost its power to 
kill guinea-pigs and rabbits. But as regards guinea-pigs and rabbits 
it does not hold good ; for in their case complete want of power to 
kill has appeared in my experience to be the same thing as want of 
power to grow in a cultivation. Pasteur further states that the aniraaL< 
inoculated with the mitigated virus remain immune against further 
attacks of anthrax. It is evident that Pasteur's process of cultivation 
must in some way have differed from my own, or that his assertion for 
"animals" generally is too broad, for as regards the mice of my 
experiments there is no immunity of any kind conferred on them. 

Pasteur in his cultivations, found, that owing to the diminution of 
virulence, as time went on, he could at will choose for inoculation a 
fluid of less and less virulent effect, from one tliat would produce a fatal 
cflfect to one that would have only a slight or local effect. But, says he, 
sheep inoculated with such a cultivatiou, which, owing to having been 
kept for a certain length of time, produced no fatal effect, are " vacci- 
nated " and protected from anthrax in a vinilent form. 

As regards my mice, guinea-pigs, and rabbits, I have not found anj- 
thing of the sort. Either the inoculation with my cultivations is fatal or 
it is not ; in the latter case it has no effect whatever, and does not at all 
protect against active virus ; in the former case it is always fatal. The 
inactivity on mice of a cultivation may be due to the absence of spores, 
or to the age of a cultivation — Pasteur's statement of a diminution in 
virulence in two days and four days does not quite cover my facts,— or 
the bacillus mass in a cultivation, not being able to form spores and 
gradually degenerating and dwindling away and becoming macerated 
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into a grairalAr debris, loses afler a time altogether its power to infect app.b. No. t. 
mice, gainea-pigs, or rlibbits, or to start new cuitivations.* 0„ ^^ 

These latter conditions come out especially strikingly in cultivations ReUtion of 
of bacillns anthracis carried on in acid pork broth. I have made a 8epti?B«cter'ia 
sufficirat number of observations to state this positively, and I have **y ^- ^*-'^"- 
seen such a cultivation losing its infective power both for animals and 
for new cultivations after five days, no other organism making its 
appearance in it, and the original mass of bacillus anthracis having 
altogether broken up. 

The important statement by Pasteur, that ^'each of these conditions of 
^ attenuated virulence may be reproduced by culture," is not borne out 
bj my observations, since every one of the cultivations containing only 
anthrax-bacilli but no spores, and incapable of producing any effect on 
mice, is invariably capable of starting a new cultivation proving fatal to 
all rodents when used fresh. 

I have before me a fonrth cultivation of bacillus anthracis in neutral 
pork, which had proved &tal to guinea-pigs and rabbits. It had never 
Any spores and the days for its activity on mice had passed. After the lapse 
of two months it was again examined and there were found in it bundles 
of degenerated liacilli, as well as a few good bacilli. Inoculated into a 
gainea-pig in minute doses it proved without result, but it started a good 
and copious new cultivation of typical anthrax-bacillus threads, which 
killed a guinea-pig with typical autlirax in 20 hours. Pasteur maintains 
that if a cultivation is weakened in activity by keeping it for some 
days, it is capable of starting a new cultivation, who.se activity is also 
weakened^ that is to say, the bacillus having become modified by time, 
transmita to its oiFspring this acquired mitigation. In the case of the 
cultivations of bacillus anthracis in neutral pork or gelatine pork there 

* As regards the slight effect (constitutional disturbance and rise of temperature) 
produced in cattle after inoculation with anthrax blood of rodents ( Sanderson and 
Dugnid), or with artificially cultivated bacillus anthracis (?) of a rodent (Greenfield), 
as well as the non hXal effect produced on sheep by Fasteur with his vaccine, we 
have to deal with peculiar conditions, not solely due to a diminution of virulence of 
the bacillus, but chiefiy to 9ome peculiarity (breed appears to be one of such 
peculiarities) of the animal inoculated. These cases are comparable in a certain 
sense to those mild cases of other infectious maladies, which not occurring more 
than once during the lifetime of an individual, would naturally confer immunity 
on this individual against a second attack. Thus, a person once having had 
a mild attack of scarlatina, measles, &c., very likely remains free from a second 
attack. In cases of scarlatina the differences in the severity of the attacks are duu 
to differences of the source of the virus, [i.e., differences of the nature of the virus], 
as well as to differences of the individuals attacked, — cases of varying severity 
being derived from the same source, i.e. the same virus. The same is also noticed in 
the cases of anthrax produced by the bacillus anthracis ; the bacillus of some 
cultivations is altogether ineffectual on mice, deadly on guinea-pigs and rabbits, 
while it appears to produce, according to Fasteur, only a slight effect on sheep. 
Now, no one could say this difference is due entirely to a change of the bacillus, 
nnee it is equally due to the difference of the individual. Again, the non-fatal 
t^sult with the blood bacillus cff a guinea-pig, dead of anthrax, produced in a cow 
contrasts strongly with the invariably fiUal result produced by the same bacillus on 
nuee, guinea-piga, and rabbits. 

It is very curious to find that Oreenfield talks (Veterinarian, 1881) of a certain 
immonity against fatal anthrax conferred on cattle by his artificial cultivations, 
although these animals showed considerable illness after a further inoculation with 
blood of man or guinea-pig dead of anthrax. He had already learned that cattle do 
not die after blood inoculation, even when not inooolated previously with any artifi- 
cial cultivation. If he had inoculated his cattle with the blood of a gninea-pig or 
man (woolsorters' disease), without previously inoculating them directly with 
artificial cultivations, the result would have been precisely the same. This appears 
to me to funkith decisive evidence of Greenfield having had to deal, not with culti- 
vatioDB of bacQlns antbrada, but witli some other harmless bacillus. 



202 

App. B. No. . was nothing of the sort. As long as a coltivationy no matter vhich, 
On the contains living bacillus anthracis, it is capable of starting a new coltivi- 

^^J^^^ ^^ tion, and this as well as its parent is capable of killing gninea-pigs and 

Septio Bacteria ; rabbits. 

t>y Dr. Klein. 

All that has been said of the first, second, third, fourth, fifth, and 
sixth cultivations of bacillus anthracis in neutral pork broth holds good far 
the 10th, 11th, 12th, 13th, and so on cultivations. In no instance have 
I seeD| with reference to its infective power on mice, guinea-pigs, and 
rabbits, any difference of behaviour from that mentioned of the previous 
cultivations. 

It is altogether impossible for me to understand how Greenfield 
(Veterinarian, 1881) could have come to the conclusion, that once arriveii 
at the eighth cultivation, he already knew that no fatal effect could be 
produced with it. He has tried the effect of his cultivations on mice, 
guinea-pigs, and rabbits ; but with pure cultivations of anthrax bacillos, 
the result is to some extent the reverse, since guinea-pigs and rabbits 
are killed by any cultivation, provided there are living antiirax bacilli 
in it. 

The conclusion, it seems to me, forces itself on us that Greenfieldls, 
like Buchner's, cultivations, were impure; and the further away from tb^ 
earlier cultivations the smaller the number of the anthrax bacilli| antil 
the contaminating innocuous bacillus gets altogether the mastery in the 
cultivations, and then the anthrax bacilli gradually disappear altogether. 



Of the power of resistance spores are capable of, an idea may be 
gained from the following facts. 

I have tried to ascertain whether the spores of baciUus anUiracis in 
my cultivations become killed, like the bacilli themselves, through 
boiling or freezing. As regards the fil*st process, boiling a minute or 
two does not destroy the life of the spores. I have thus treated, as 
mentioned on a former page, spores contained in a flask of gelatine pork, 
and have obtained afterwards from them a copious crop of Imcilli proting 
fatal to guinea-pigs and rabbits. I have similarly exposed in a 
capillary pipette fluid full of spores to the influence of ether spray, 
and having thus kept the fluid well frozen for several minutes, have 
injected it into the guinea-pig and rabbit with fatal result. I then 
subjected spores in the same manner to repeated freezing, each time 
for several minutes, the freezing being also carried out by the ether 
spray ; but these spores nevertheless retained their full virulence. 
Before 48 hours were over the inoculated animals were dead of anthrax. 
I then placed a capillary tube filled with spores in a mixture of ice 
and salt, and kept it here for one hour exposed to a temperature of 
12 to 15^ C. below freezing point; after Rawing the material was 
injected into the subcutaneous tissue of a guinea-pig. This animal 
died of typical anthrax during the third day. There was, however, no 
CBdema about the seat of inoculation. 

Such a low temperature, viz., 12 to 15^ C. below freezing point 
(or 21-27 degrees Fahrenheit below freezing point) does not occur 
in the soil of middle Europe or of these kingdoms, even in the depth 
of the coldest winter, and therefore spores of bacillus anthracis formed in 
the soil from the bacillus anthracis that happens to be growing there in 
a suitable nourishing material (vegetable infusion, &c.) are practicallj 
indestructible. 

As an addition to our knowledge of the mode of propagation of anthrax 
in animals the foUowing facta may not be ifBlueless. In several 
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instances I found that of a moase, that had died of anthrax, a ^eat App. b. No. %. 
portion had been eaten hj its fellow companion not inoculated with ontbe 
anthrax : its neck, heai't, lungs, and liver had all been swallowed up, but p^lS^^Kwdc to 
nevertheless the mouse that hctd thus feasted on anthrax remained septic Baoteiia ; 
perfectltf well. Koch (Die Aetiologie d. Milzbrand, p. 13) is very *>yDr.KWn. 
strong on the oonununicability of anthrax through simple ingestion from 
the alimentary canal in animals and man. The above facts do not 
support this theory as regards mice, for no mouse would escape 
inoculation with an infinitesimal dose of blood of anthrax. They 
are, however, well in harmonv with those of Pasteur and Toussaint, who 
maintidn that in the case of sheep the production of anthrax in these 
animals by ingestion is in reality due to an inoculation with anthrax 
into the mucous membrane of the mouth, owing to small wounds and 
abrasions produced there by the material mixed with the food. 

The important question as to the preservation of the activity of the 
bacillus anthracis within the body of the dead animal, although com- 
menced, is not advanced enough to be here reported, and therefore must 
be reserved for a further report. Also the observations on the changes 
the bacillus anthracis undergoes when cultivated in acid and alkaline 
fluids. S(Hne of these observations have been already touched upon, but 
others of equal importance cannot find room here toibe discussed. But 
this much I vnll state already now, that I have ascertained that, contrary 
to what Koch and Buchner have found, bacillus anthracis is capable of 
growing in acid fluids, and that it most undoubtedly behaves in a different 
manner, both as regards size, mode, and time of degeneration and for- 
mation of spores, in alkaline and acid cultures, from what it does in 
neutral nourishing fluids. 



In condufiion, and as concerns the more general question which has 
been held in view throughout the present repoi-t, it is to be observed 
that the theory of the transformation of a pathogenic organism into a 
Qon-pathogenie septic organism, as expressed by v. Niigeli and regai'ded 
by Dr. Buchner as being capable of direct proof, is not supported by 
mj own investigations into the characters of the bacillus anthracis, 
which has appeared to retain its full power to produce specific disease 
as long as it has retained any power at all. And in regard of that 
particular bacillus, it is further to be noted that its behaviour towards 
eheep in Pasteur's hands is not the same as its behaviour towards 
rodents in my own experience; so that we must remain unable to 
a<x!ept, as a general proposition, the general view of attenuation that 
Pasteur would propose. 
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EXPLANATION OF FIGURES. 



PLATE L 

Fig. h 

From a specimen of blood of a guinea-pig that died of inoculated aathnx; 
the specimen had been prepared after the Weigert Koch method (drying *^^ 
then staining it with amlin colouring matter). Magnifying power about 1,000. 

a. The bacilli. 

Jb. The blood corpuscles. 

Fig. 2. 

Prom a preparation of an artificial cultivation of bacillus anthracis ; tiie 
preparation has been prepared in the same manner as that of Fig. 1, shovinf^ 
an arrangement of the elementary " cells " in groups of four. Magniijii^ 
power 1,000. 

Fig. 3. 

From the same preparation as Fig. 2. Part of a bacillus thread, showing at 
the free (npper) end its composition of spherical torula-lLke cells. Magni^fing 
power, 1,000. 

Fig. 4. 

From the same preparation as the preceding figure. Parts of three threads 

b, and e, in which the torula-like cells are nimierous. Especially in c the 

growing (upper) end is entirely composed of them. Magnifying power, 1,000. 
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PLATE IL 

Fig. o. 

From a fresh prepuation of an artificial cultivation of badllofl antbracis, 
showing a cliain of torula-like cells. Magnifying power about 500. 

Fig. 6. 

From the same specimen as fig. 6, Bhowin|^ a thread of bacillus anthracis, 
which at the free (left) end is composed entirely of torula-like cells. Mag- 
nifying power, 500. 

Fig. 7. 

/ From the same specimen as Figs. 5 and 6. 

A typical threaa of anthrax haciUus, in some places showing torula-like 
cells, more or less elongated. 

In several places a gradual transition is noticed between the typical smooth 
bacillus threaa and the part composed of torularlike cells. 

Fig. 8. 

From a specimen of the same cultivation as the preceding figures, but dried 
And stained. Magnifying power about 1,000. 

a. Part of a thread iu which the torula-like cells are recognised undergoing 

division. •• 

b. Some of the torula-like cells are oval, others are in a state of division. 



\ 
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PLATE ni. 

Pig. 9,' 

From a preparation of an artaficial cultivation of bacillus antbrads. The 
apecimen had been prepared after the Weigert Koch metiiod. Magnifying 
plower about 700. 

a. Part of a thread, showing an early stage of granular degeneration of most 

of the component '' ceUs." 

b. Part of a thread further advanced in the process of granalar degenerstion. 

very few cells are intact, most are degenerating, at (a?) in several cells 
the protoplasm has entirely disappeand, sheath and septa being left 
behind. 

Fig. 10. 

From a specimen of artificial cultivation of bacillus anthracis ; Weigert Kocb 
method. Magnifying power about 700. 

Showing part of a bacillus thread ; the component cubical cells are distinct, 
in some of mem, at a, the bright spores have made their appearance. 

Figs. 11 and 12. 

From a similar specimen as in the preceding figure. Portions of threads is 
which only few elementaiy cells are left, and in some of these bright spoRS 
have made their appearance. Magnifying power at about 700. 

Fig. 13. 

From a similar specimen as the preceding figures. Part of a thread showing 
the component cells ; in almost all of them spore formation is taking place- 
Magnifymg power about 700. 
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No. 3. 

StPPLBMBNTABY RSPOBT On tilO WoOLSOKTKRS* DiSEASS in the APP.B>yo>S. 
B&ADFO&D DiSTBICT ; by W. S. GBEENFISLDy MJD.» late On the Wool- 

Professor Superintendent of the Brown Institntion. in'^rsAdforl 

IMstrict ; by 

The following report embodies the results of an investigation which l>r. GnaaOOd, 
w!^ made in the summer of 1880, in connection with the inquiry made 
I y Mr. Spear, into the occurrence of some fatal cases of disease amongst 
woolsorters at Bradford. Some of the more important facts brought to 
light by these investigations were embodied in Mr. Spear's Beport, 
])iiblished in the Annual Beport for 1B80 of the Medical Officer of the 
Local Government Board.* But there remained a considerable amount of 
microscopic and experimental work to be done before the present 
report could be made, and, before it could be finished, other duties 
tievolving upon the writer intervened and prevented its completion. 
To avoid the risk of fui'ther delay, it has been thought best to produce 
the report in its present crude form, embodying as it does the principal 
tlicts, rather than to wait for the opportunity of discussing them in more 
detail. 

Iq order fully to understand this report, it is needful to read it in 
connection with that of Mr. Spear, in which the chief facts known with 
rp;;ard to the disease and its distribution are recorded. 

What was known when the inquiry was set on foot was that a 
rapidly fatal disease, supposed to be due to the inhalation of particles of 
wool dust, occurred from time to time amongst sorters of wool ; that 
those chiefly affected were the men who had to do with certain kinds 
uf mohair. And it was beginning to be suspected, had indeed been 
suggested by Dr. Bell, that the disease was in reality a form of blood 
poisoning, and might be anthrax. 

It was to solve this question that I was requested to make some 
pathological observations at the Brown Institution. 

The result of these observations was to show that the disease, so far 
:is coald be concluded from experimental inoculations of animals, and 
Irom the microscopic anatomy of the organs, and other grounds, was 
i K-ntical with the common anthrax of cattle. Further, it appeared 
almost certain that the affection was in most cases produced by inhala- 
tion of the virus, and that its peculiar characters, which had led to the 
view that it was a form of bronchitis or pneumonia, were due to the 
mode of entry of the virus and to its effects upon the bronchi and 
bronchial glands. 

It was then intended to show in this report by the record and 
(liscussion of these observations : — 

1. That the blood and certain fluids and tissues of the body in these 
cas^ contained an organism having aU the characters of the baciUua 
aiithracis. 

2. That inoculation of rodent animals with these fluids, when in a 
fresh condition, produced effects identical with those produced by 
inoculation with the blood of animals dying of splenic fever, these 
effects being death in a similar brief period, the presence in the blood 
of the anthrax bacillus, which could be successively inoculated in other 
aniioals, and when cultivated presented the same phenomena under 
cultivation as the ordinary anthiax bacillus. 

* First Supplement to the Tenth Asnual Beport of the Local Government 

Board. 
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Af p. £. No. 8. 3, That the organs of the inoculated animals when examined micro- 
Ou theWooi- scopicallj showed lesions similar to those seen in aoimab djiag frosi 
sorters' Disease inoculation of anthrax. The sole difference observed was in one ct^- 
J^striot ; by^ ^^^ special degree of affection of the lungs as compared A^ith other ol^ 
Dr. Greeatieid. 4. That the microscopic examination of the various organs ofth 

human subjects of the disease showed conclusively that the affecti^: 
was, in most cases, primarily a local one, affecting the bronchi and \b 
bronchial glands. Here all degrees of affection were found, and il 
bacilli were present constantly and in great abundance. The db^a 
was most marked near the bifurcation of the trachea and in the k.-^ 
bronchi, presenting itself as a diffuse mycosis of the mucous and 11 ' 
mucous tissues, with a variable degree of catarrh and ecchpo- 
Extending thence, either directly into the mediastinum, and caaii 
mediastinal cellulitis, or by way of the bronchial glands, prodaciDs 
them intense lymphadenitis and heemorrhage, the disease caused a sen • 
effusion into the pleurae, partly inflammatory in origin, but proU<. 
mainly dependent on the acute obstruction to absorption through. 
mediastinal glands. Together with this? other lesions were foaD>l 
various parts of the body, differing in different cases, due to the g^ "- 
effects of the blood-poison. 

In order the more fully to elucidate these and other less im^ 
points in the history of the disease it was intended to discus 
illustrate somewhat fully the morbid anatomy of anthrax in ihW 
animals, and of the external local affection, malignant pyniv^i 
man. At the present time the knowledge on these subjects bv ^' ' 
so much extended and diffused that the failure to accomplish this v< 
of the report is the le«s to be regretted. 

In the plates which accompany the report the more imfx' 
points in the microscopic anatomy of the disease will be found "J 
illustrated. 

It will be convenient in the first place to give in some deu 
evidence upon which the conclusions already stated are based, ^. 
describe the experimental and other researches which were 
with a view of throwing light upon the subject, whether th*^; J 
any positive result or ijo. 

This evidence (apart from that afforded by the investigation cont 
by Mr. Spear) falls under the following heads. 

I. The microscopic examination of the fluids and tissues of th ' 
in a recent state, together with experimental inoculation of the ' 
animals, and their results. 

II. Microscopic examination of the organs from cases of the ^^^ •' 
The latter also serves to elucidate ihe mode of entrance of th* 

of the disease, and the pathology of its symptoms. 

III. The examination, microscopical and experimental, of subfu. 
(wool and hair, water, &c) supposed to be the immediate sourct^ 
infection in cases of the Bradford disease. 



SECTION I. 

Examination of akd Inoculation with FLtni>s, &c 

The microscopic examination of the fresh fluids has alrea"!; 
detailed in Mr. Spear's report in connection with the case frocc 
each specimen was derived, but it will be convenient here to rep 
chief facts in connection with the experiments made with the flu 
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Case I. (Case 20, p. 113, Mr. Spear's Report.)— T. C. at. 71, died Afp.b^No.&. 
Maj 2Ist^ 1880, at 3 a.m. Post-mortem examination made 30 hours On the Wool- 
hfter death ; fluids received at 4.30 a.m. May 23rd, and examined K'^bSoSS 
l-eiweeen 5 and 7 a.m. n"^*^^ * a *m 

The spleen and blood which had exuded from it had the odour and '* Q"^**"® 
appearance of decomposition. Microscopically they contained a large 
u umber of bacterial rods, most of which measured from 5 to 8 fi, but many 
from 10 to 16 jk. Many of the smaller resembled both in size and 
"bape large specimens of bacterium tenno, but they were motionless, 
llie longer rods were of larger diameter, blunt at the ends, and contained 
•"pores resembling those of bacillus anthracis. Some mici*ococci were also 
present. 

Some fluid from the pleura contained numerous very long rods, which 
measured from 50 /a to 150 /a in length, straight or jointed ; and 
niaaj other shorter rods, which contained spores more or less completely 
formed. Fluid exuded from the lung also contained abundant long and 
medium sized rods, measuring from 1*2 to 1*8^ in diameter. 

Inoculations of guinea-pigs and mice made with these fluids 50 hours 
after death were entirely without result. 

Case n. (Case 22, p. 98, in Mr. Spear's Report.)— M. C, aet. 30, died 
May 26th, 1880, at 11 a.m. Post-mortem examination made 23 hours 
after death. Fluids received May 28th, 5 p.m., and examined at once. 

The blood was fluid, contained no coagulum, the red corpuscles were 
separate, the leucocytes agglomerated into masses. The red corpuscles 
appeared natural. On a prolonged examination of numerous specimens, 
only six bacteria of any kind were discovered. These measured from 
6,jAtol0/* in length; one was in movement, the others quiescent, but 
all had a like appearance. They did not grow when cultivated on the 
warm stage, and none showed any sign of spore formation. No micro- 
cocci were seen in any of the specimens examined. 

On cultivation of the blood in aqueous humour, no bacilli, only 
numeroos decomposition bacteria, were observed. 

The pericareUai serum contained numerous bacilli which measured 
irom 8 ft to 20 fi in length, their average length being 12 ,u ; and diameter 
1'2 to 1*5 fA. These had also the microscopic characters usually seen 
in anthrax bacilli, and in many of them spores had been formed. 
Some were grannlar, as if in process of decomposition. A few free spores 
were seen. Together with these motionless bacilli, a number of common 
bacteria in active movement were present; these measured on an 
average from 4 to 6 jca in length, and about '76 /a, in thickness ; they 
were in course of active division. 

la the bloody fluid from the spleen were a few bacilli, which measured 
from 10 /« to 20 /A in length. 

Inoculation with these fluids were entirely devoid of result. 

Case m. (Case 11, p. 120, in Mr. Spear's Repoit.)— S. F., ajt. 43, 
died May oth, 1880, at 8 p.m. Post-mortem May 7tli ; fluids not received 
till May 12th, in capillary tubes. 

The blood presented evidence of advanced decomposition, the red 
corpuscles being to a large extent destroyed through discharge of hsomo- 
globin. It contained large numbers of motionless bacilli, measuring 
from 10 fA io25 fA. in length, many of them containing spores ; and 
aUo long filaments, from 50^ to 60 fA long. Some of these bacilli 
appeared to be decomposed, as shown by the presence of numerous oily 
granules in the ptx>toplasm. Scarcely any ordinary decomposition 
bacteria were seen In the specimens examined. 
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Inoculation with this blood 11 hours after death were entirelj without 
effect, except in one case. 

A mouse inoculated in the tail with a very minute quantity of the 
blood on May 12, at 1 p.m., was found dead on May 14th at 9 ft.m.: it 
was examined at 3 p.m.; there was no local swelling either at the s^.\t 
of inoculation or in the abdominal walls ; the spleen was free from 
enlargement; all the viscera appeared healthy. 

On microscopic examination, no bacilli were discovered either in vij 
of the viscera or fluids of the body. In other words, death was nri 
produced by anthrax. 

With regard to these three cases, it may at once be remarked that the 
evidence afibrded by these examinations is of no value in the decision 
of the question of their nature* If they were cases of anthrax, no 
successful result could have been obtuned by inoculation with th* 
fluids in the state in which they were received, for it is a well-knovrii 
fact that decomposition, which was present in a very marked degree iu 
all, almost invariably destroys the activity of the virus of anthrax, &&! 
prevents the development of the bacilli when introduced into th** 
animal body. No certain conclusion can therefore be drawn fm::i 
observations. 

The next three cases form a group in which the nature of the disea*^ 
was proved beyond doubt by the positive result of inoculations, and th* 
successful result was due to the greater efforts to obtain and preserrctl* 
fluids at an earlier period after death. 

Case IV. (Case 35, pp. 105 and 117 in Mr. Spear's Report.)— 
J. Bolton, set. 36, died June 3rd, 1880, 4.30 a.m. Post-mortem nlo^ 
hours afler death ; blood and fluids at once secured in capillary tobe^ 
and received and examined 36 hours after death. 

The blood from the spleen and portions of the splenic tissue appearril 
quite natural, and no bacilli were discovered in them, nor any other 
form of bacteria. 

The pericardial and pleural serum were also natural and devoid o\ 
bacilli ; only one or two micrococci (these possibly accidentally intro* 
duced) were discovered on prolonged examination. 

The blood was fluid and of natural colour, the red corpuscles nator&l 
leucocytes scanty, but those seen appearing quite natural. Scattere*: 
through the blood, but only in relatively small number, and for tbt^ 
most part in groups, were seen very long motionless bacilli, which 
varied in length from 50 ^ to 200 /a, and their average diameter 1 *o •. 
For the most part these were curved or flexuous, being thrown into folds by 
the movements of the fluid, otherwise quite motionless. Some appearr^l 
to be composed of two or more rods, joined at an acute angle. On ex- 
amination after staining the blood with methyl-aniline violet, and nko 
in dried specimens^ and specimens treated with osmic acid, and in other 
ways, they showed the characteristic structure of bacilli, being compo«»«i 
of shorter blunt rods, united by a continuous external sheath. N«^ 
spores were seen in any of the specimens examined, nor were fre*^ 
spores seen. With this blood the following inoculations were made* 

Experiment 1. — A. mouse (a) was inoculated in the tail with a very 
minute quantity of the blood at 4 p.m. June 4th, and died at 3.30 p.n). 
June 5th (23J hours). The spleen was found to be swollen, and oon- 
tained abundant anthrax bacilli. Bacilli were aldo found iu Miroa^ 
exudation along the subcutaneous tissue extending from the seat ot 
inoculation, and in the blood, &c. 
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From the€pleeii of the mouB6 (a\ a gninefr-plg (A) mms inoculated with app. b. Kb. ^ 
a yer? miante qnaniity, and was round dead 36 hours after. Its spleen qq thewooi. 
was much swollen and contained abundant rods, which presented the usual •orten' DiBea.<i< 
• haracteia of anthrax bacilli. From this spleen cultiyations were made District ; br^^ 
;n aqaeous homouTy and these were continned through more than twenty Gw«afleW. 
.:>>nerations, giving characteristic results on ioociSation of the earlier 
Itinerations, and presenting all the usual characters of anthrax bacilli. 
I'Yom the spleen of {A) another guinea-pig (B) was also inoculated, and 
<Iied in 30 hours^ with greatly swollen spleen, containing swarms of 
.Qthrax bacilli. From the spleen of this animal another (C) was 
inoculated, and died still more rapidly, with enormously swollen spleen, 
•^f-armiDg with rods. Microscopic examination of the organs of these 
inimals, after hardening, showed the most characteristic lesions of 
iQthrax. The drawings of lung, Plate XL, Figs. 1 and 2, are from 
'.hh guinea-pig. 

Experiment 2. — Another mouse (b), similarly inoculated at the same 
:me as (a), died daring the night of June 5th, and was examined next 
luy. The spleen "was swollen, and contained a large number of anthrax 
'•acilli. 

ExperimetU 3.«— Another mouse (c) similarly inoculated also died 
vithin 36 hours. The spleen contained only a very few rods, but in 
:lie blood of the heart were numerous long bacilli. 

Two other experiments made with this blood may be mentioned 
>re, for although they hardly come within the scope of this inquiry, 
<hey s^re still further to illustrate the virulent character of the 
j'OisoQ contained in the blood, and the fact of its identity with splenic 

.«'ver. 

Two heifers, one of which {A) had by previous inoculation been 

rendered to a large extent insusceptible of the disease, as had been 

bown by subsequent inoculations, whilst the other {B) had not been 

i>rotected, were inoculated by subcutaneous injection, each with about 

vO minims of the blood from this case. 

In the case of A, only very slight local irritation was produced by the 
injection, not more than might have resulted from a similar injection of 
•iny fluid ; in that of B. there was intense reaction, high temperature, 
zreat prostration, threatening death, and enormous local swelling, 
which extended in the quarter inoculated. In fact, in the case of 
/i, symptoms were produced which were identical with those produced 
J other eases of inoculation with blood from splenic fever in the cow, 
>md which had previously been induced in A in this manner, and pro- 
ruction thus confeiTcd. Now we have no reasoti to believe that inocu- 
lation with splenic fever gives any protection against the inoculation 
'nth other animal poisons, and this experiment alone, apart from the 
•ore direct evidence given of inoculation of rodents, would have been 
.) Talnable confirmation of the nature of the disease. 

Case V. (Case 30, pp. 102 and 118 in Mr. Spear's Report.)— 

J. Greenwood, act. 48, died July 23rd, 1880, at 12 noon. Post-mortem 

• xamination at 9 p.m. Some blood which had been taken from the arm 

hortlj before death was received at 3 p.m., July 24th, 27 hours after 

ieath, and examined at once. 

Blood from the arm contained only a very few bacilli ; these had all 
ibe ordinary characters of anthrax bacilli. The red corpuscles appeared 
lattiial ; there were no other bacteria visible in the blood. 

Experimeni 1. — ^A guinea-pig (Z>) was inoculated at 3.30 p.m. with 
a very minute quantity of this blood in the inner side of the thigh, 
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App.B.Ncs. and died at 8.30 p.m. next daj (29 hours). There was suffked gei&- 
tinous cedema of the subcutaneous tissue of the thigh and abdominal wall ; 
no marked effusion in serous cavities ; partial lobular collapse of lan^;?. 
The spleen was enlarged, and swarmed with bacillus rods. The 
drawing in Plate XII. is from the lung of this guinea-pig. 

Other fluidsy received at 9 p.m. Julj 24th9 33 hours after dealb, and 
examined, and inoculations made between 9 and 10 p.m. 

Blood from the heart and blood from the spleen contained only a very 
few bacilli of typical characters ; no other bacteria. 

Fluid expressed from a bronchial gland, which was largely compoS'"] 
of blood, contained a few typical bacilli from 8 to 12 ^^ in length. 

The pleural serum, which had been taken from the pleara eight hou^ 
after death, contained very abundant bacilli, which varied from 10 i- 
46 /EA in lengtl), some being as much as 160 ju long. These were in til 
respects like the filaments of anthrax bacillus under cultivation, ia tb > 
stage preceding the formation of spores. In one tube there were masH> 
of long convoluted filaments, arranged in spiral bundles and lo^p^, 
exactly resembling cultivations of anthrax bacillus at a period of ab^" t 
12 to 16 hours. Probably, indeed, they had grown to this form in ih* 
sei'um after enclosure in the capillary tube. 

With these fluids the following inoculation experiments were made :— 

Experiment 2. — A guinea-pig (E) was inoculated with the blood fruir 
the h(5art at 10 p.m. (34 hours after death of the man ), and died at 
3 p.m. on the second day, viz., 41 hours after inoculation, having hs : 
symptoms similar to those in the previous case. On examination ili» 
spleen was considerably enlarged (though less than in the animal inocu- 
lated with the blood from the arm) ; it swarmed with bacilli, and th 
general blood also contained them in abundance. 

Experiment 3. — ^Another guinea-pig (F), inoculated at the same tiir.*, 
also from the heart blood, died in 48 houi-s, and presented simik: 
post-mortem appearances. 

Experiments 4 and 6. — ^Two guinea-pigs (G and If), inoculated vrnl 
the fluid from the bronchial glands, also died, one in 38 hours, tit- 
other in 41. hours, and presented identical post-mortem appearand-:', 
both having a greatly swollen spleen, which swarmed with bacili: 
gelatinous exudation in the subcutaneous tissue adjacent t-o the sitt' <f 
inoculation ; and patches of lobular collapse and congestion in tb' 
lungs. 

Cultivations in aqueous humour, made from the splenic blood of iw. 
of these animals, produced very typical growths of bacillus in sncc^i^i^ * 
generations. 

The microscopic examination of their organs will be subsequend/ 
described. 

Case VL (Case 26, pp. 29 and 11 9, Mr. Spear's Report.) — J. HeaUu. 
set. 39, died August 30th, at 2 p.m. Post-mortem examination made 
August 3lst. Specimens received and examined at 2 p.m. SeptemU-i 
1st, 48 hours after death. 

Blood from the spleen. This, which was mixed with fragments ot 
splenic tissue, contained masses of felted filaments made up of short Tod< 
joined together. {See Woodcut in former report.) Many of ibe 
filaments were of great length. Around these bundles of filament* 
the tissue appeared much more transparent thna elsewhere, as if in » 
state of liquefaction, and all the blood corpuscles appeared to have 
become dissolved and broken up. In other parts the blood corpusolf^ 
and the constituents of the tissue appeared quite natural. 
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Fluid estuded from the Inng coDtaiQed verj numerous bac lib', vairing App.B.Na8. 
in length from 10/* to 30 or 40 /t*, and many much longer. Some or the ontheWooi- ' 
shortest segments of the jointed filaments were only 8 /* long. Many of •ortew' Diaeue 
these bacilli were composed of one or more rods joined together at an acute pirtrio??^'^'^ 
angle. Many were long and sinuoos ; most showed some spores in course Dr. Oreenflold. 
of formation or completely formed. Together with these bacilli were 
numerous red blood corpuscles, and large granular cells, some of which 
contaiaed pigment. 
In the pericardial serum no bacilli were discovered. 
With these fluids the following inoculations were made : — 
Experiment 1. — A guinea-pig, inoculated in the leg with blood from 
the spleen at 9 p.m. on September 1st (55 hours after death of the 
patient), died on September 3rd, at 12 noon, 39 hours after inoculation. 
Hhen examined, two hours after death, there was considerable swelling 
extending along the thigh and over the abdominal wall, due to serous 
exudation in the connective tissue. The spleen was greatly swollen, 
measuring 3 centimetres in length, TS in width, and -5 in thickness. 
On microscopic examination it was found to swarm with masses of 
bacilli, scarcely anything else being seen in most of the specimens 
examined. In the other organs bacilli were also found in great 
abundance. 

Experiment 2. — ^A guinea-pig, inoculated in the leg with bloody 
fluid from the Inn^ at the same time as the preceding, di^ at 3 p.m. on 
September 4th, 6^ hours after inoculation. When examined immediately 
after death, similar appearances were found to those in the previous case, 
but the exudation in the connective tissue planes contained more blood. 
The spleen was very greatly swollen, more than in the previous ex- 
[»eriment, and contained very abundant masses of bacilli. 

It will be convenient here to describe, by way of comparison, the 
results obtained by inoculation with the serum from a malignant pustule 
on the ann of a woolsorter (J. G., Case 40, p. 122, of Mr. Spear's 
lieport). 

A guinea-pig («) inoculated at 10 a.m. June 24th with the serum, 
'lied on June 26th at 3 p.m. (53 hours). The symptoms and post- 
niortem appearances wei-e precisely similar to those seeu iu the other 
cases, and need not be detailed. 

A guinea-pig (j9) was inoculated with a minute quantity of the serum 
from the thigh of guinea-pig a, two hours after its death (5 p.m., 
June 26th). It was found dead at 7 a.m on June 28th. 

Two mice, inoculated iu the same way and at the same lime as j3, 
^vere also fouud dead at the same time, all of these presenting the most 
eharacteristic appeaittnces of anthrax. 

Cultivations of bacillus from the fresh blood of the second guinea-pig ^ 
^v ere also made, and a guinea-pig inoculated with the third cultivation 
died in 48 hours, presenting similar appearances with the preceding. 

I shall not atto npt to detail the appearances presented on microscopic 
examination of the organs of all these animals. They were similar to 
^ose seen in the case of animals inoculated from anthrax of cattle. 
Bacilli were present in great abundance in most of the organs, differing 
^^ proportion in different cases. The chief difference observed was in 
"le relative proportion and arrangement in the vessels of the lungs. In 
^me, the bacilli were scattered abundantly through the capillaries of 
"ie organ, in some parts much more numerously than elsewhere ; in 
other animals they tended especially to accumulate in the ibrm of masses 
^^ some of the branches of the pulmonary artery, forming thrombi in 
tbem, as seen in figs. 1 and 2, Plate XI. In these cases the capillaries 
R S199. o 
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of the area of the lung tissue corresponding to the occluded artcriokii 
also contained numerous bacilli, whilst the rest of the lung tissue v^is 
comparatively free. 

In all the inoculated animals ^vhose organs were examined, the lou^e 
were found to be markedly affected. But from a compari^n of this 
series of inoculations, with many others in which the anthrax vxrua wa3 
derived from other sources, I cannot say that any marked difference was 
observed. The differences which were observed may, I think, be fairly 
attributed to the differences in the freshness of the material used, and 
the relatively diminished potency of the virus. 



SECTION II, 

The Nature of the Local Lesion in Man. 

It will be convenient next to describe the microscopical characters of 
the parts most visibly affected, and also of the other organs of the bodr. 
The evidence afforded by this examination has proved of very gre^it 
importance in the elucidation of the nature of the disease, and of the mode 
in which the virus gains entrance to the system and produces its fafAl 
results. 

I shall at once dismiss from consideration the microscopic anatomy of 
three of the cases (Firth, Clee, and Crowther), for the oigans when 
received were in such a condition as to be practically valueless for 
examination for bacteria, and shall refer only to three cases mentioned 
in the report Greenwood, Heaton, and Bulton, and to one case whicb 
has since occurred, viz. Oddy. The combined result of the investigation 
of these cases has been to show almost conclusively^ that in at least a 
considerable number of the cases we have to deal with a dlsea^ 
primarily affecting the larger bronchi, and secondarily infecting tbc 
system by means of the lymphatics. This form might indeed be called 
malignant pustule of the bronchi. 

On reverting to the detail of the post-mortem examinations given in 
Mr. Spear's report, it will be seen that in several cases there was a 
concurrence of the following conditions ; — turgescence and vasculantj of 
the mucous membrane of the lower part of the trachea and larger 
bronchi, which contained frothy fluid highly stained with blood, 
on removal of which spots of hsemorrhage were frequently seen ; great 
swelling of the bronchial glands, these being sometimes completely 
broken down by haemorrhage, and apparently transformed into blood- 
clots ; extensive cellulitis, together with much hsemorrhagic effusioD^ 
around the bronchial glands and in the mediastinum generally; seron< 
pleural effusion, often great in amount, pretty equally in both pleiiiie, 
usually unaccompanied by any signs of pleural inflammation ; a collapsed 
condition of the lungs. There might or might not be other concomitant 
conditions, but these were usually the most prominent, as they were the 
most constan t. These conditions could not but arrest attention, both from 
their unusual nature and from the strong indication which they gave 
to one accustomed to trace the course of anthrax inoculatioxis, that 
the virus entered at some point in the neighbourhood of the medifw^tiDal 
glands, or draining through them by its lymphatics. Some cases seemed 
to lend colour to the supposition that the virus entered by the pharps* 
But in all the cases in which I was able to make a minute examination, 
the trachea and bronchi seemed to be the site of chief implication. 1 
shall, therefore, in the following description, take the condition of the 
trachea and bronchi as the starting point in the description, and rangv 
the other facts in relation to these. 
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Tliree selected aises, in which the affection of the bronchi was App. B.No.a. 
especially marked, will first l)e referred to in detail. These weie the on the^ooi- 
cages of Greenwood and Beaton, and that of Oddy, which has since ^^r^'J^*^,^"^, 

, ' •' ' ID the Bnuifunl 

occurred. Di»tnct; bi 

Dr. GTvtnfitld. 

CaseV. (30). — J. Greenwood. (For the full record of tlie post- 
mortem appearances, see Mr. Spear's Report, pp. 102 and 118.) The 
principal features observed at the autopsy as regards the trachea and 
bronchi, were that they contained a little blood-stained frothy mucus^ 
and that there were numerous hsemorrhagic extravasations in various parts 
of the mucous membrane, especially at the bifurcation of the trachea. 
The bronchial glands were swollen, soft, and shewed hemorrhagic 
foci. 

Bronchi, — ^A more minute examination showed that there was very 
marked and irregular swelling of the mucous membrane near the bifur- 
cation of the trachea, and in the larger bronchi, and that this 
extended as far as their second division, but not further. In the 
trachea itself no change was observed, except just at the bifurcation. 
Id the bronchi the swelling was most marked in the second divisions, but 
it was very irregularly distributed. 

Od microscopic examination, both the trachea and bronchi presented 
in many parts the appearances conm[ion in chronic bronchitis. The 
epithelium had in great measure desquamated, the basement membrane 
was much swollen and thickened, and covered by an irregular layer of 
pyriform or irregularly-shaped cells derived from the deeper germinal 
lajr-ers of the epithelium. The principal recent changes were especially 
^i-en in the part immediately subjacent to the basement membrane. In 
this part, at the points where the hsemorrhagic extravasations were 
visible with the naked eye, it was found that the tinsue was infiltrated 
with blood ; the vessels greatly distended and filled with blood. At 
tlie margins of the clot, and lying here and there in the submucous 
tissue, were seen masses of bacilli. These masses were for the most 
pttrt in the lymphatic spaces around vessels, lying alongside the vessels,. 
and in no case situated within them. They were in fact no doubt 
situated in the lymphatic vessels which form a plexus in the bronchial 
wall. 

The outlines of the lymphatic walls could not be readily ti*acedy 
owing to the mode of preparation, but in some parts it could 
be distinguished, and in others the situation was constant and 
characteristic. 

Around the parts in which these bacilli were scattered there were also 
i>een evidences of intense inflammation in the tissues, but these were 
^'trictly localised; and in the larger lymphatics, where bacilli were seen, 
there was no sign of irritation. 

These changes are well seen in the drawings in Plates VI., IX,^ 
and X. 

Where complete sections had been made near the root of the long, 
through the bronchi and the surrounding tissues, including some of the 
bronchial glands, the study of the condition of the bronchial wall and 
the tissue around it appeared to show clearly the course followed by the 
infection. As already stated, the bacilli were found in especial abundance 
towai'ds the eniperficial parts of the mucous membrane, and appeared there 
to be arranged in an irregular and diffuse manner, but on going deeper 
they were found to be almost entirely in the lymphatics. At the muscular 
layer they had become very scanty, except here and there, where large 
niasse^ lay in the lymphatics around vessels. Thence their course could 
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be readily trftced along the course of the lymphatics to the broocliial 
glands, not continuously in any one section, but by noticg the points at 
which masses of bacilli ii^peared in a series of sections. They were not 
observe<l in any other position than in the region of the lymphatics. No 
masses were visible in the blood-vessels. On nearin^ the bronchial 
glands some of the lymphatics were found to be completely distendeii 
with masses of bacilli ; in some rupture had occurr^, and there wa? 
inflammation in the surrounding tissues. 

Bronchial Glands, — ^In the glands themselves it was in many places 
difficult to trace the exact position occupied by the bacilli, as the whole 
of the gland tissue was completely broken down by the blood extravasa- 
tion, which extended into the surrounding tissues. But iu - some of 
the smaller glands inunediately adjacent to the bronchi, the process was 
better seen. The lymphatics were iu some parts quite plugged br 
masses of bacilli, whilst the rest of the gland appeared to be quite free- 
from them. In those glands in which hemorrhage had occurred, the 
bacilli appeared in some cases to occupy the venules in tlie cotrtical part 
of the gland. 

Mediastinal Cellulitis, — Tlie tissues sun'oanding the bronchial 
glands, including the connective and fatty tissue of the mediastinum, 
have already been noted as the seat of intense inflammation with a jelly- 
like exudation, often stained with blood or mottled with hsemorrhagic 
spots. The microscopic examination of these parts did not show any- 
thing very characteristic beyond the phenomena usual in ordinan 
cellulitis. Some of the connective tissue spaces contained large masses 
of fibrinous exudation, in which were scattered a very few bacilli. Herf 
and there were found lymphatics passing through the tissue filled with 
bacilli, their course being marked out by the staining of the bacilli ; hut 
they were much more difficult to find than those in the immediate 
vicinity of and leading from the ailected bronchi. The condition of tho 
mediastinum was in fact exactly comparable to that seen in the 
connective tissue planes leading fi^om the point of an artificial anthmx 
inoculation in the limb of an animal. 

Before leaving this part of the subject it will be well to recall the 
fact tliat tho fiuid from the bronchial glands proved highly virulent od 
inoculation {see above). 

Lungs and Pleura:, — The condition of the lungs seen in the post- 
mortem examination was one merely of collapse, due to the great pleural 
efiiision, and of a somewhat marked excess of pigment, such as is ofteu 
seen in the lungs of persons of middle age, especially where bronchitis 
has been present. Microscopic examination served to confirm tlii? 
observation. No marked recent changes were found except those due to 
collapse, and in most sections no bacilli could be discovered. In all thi' 
organs, it may be mentioned, isolated bacilli were found here and thciv 
in the sections of blood coagulated in vessels, but this was even less to N* 
observed in the vessels of tbe lung than elsewhere. 

PleurcE, — Xo sign of infiamroation could bo discovered either in th*' 
superficial or deep parts of tlie pleura, thus lending support to the beliet" 
which is suggested by the condition of the pleural fluid, viz., that th<« 
efiusion wns not chiefly of an inflammatory nature, but largely of n 
passive nature, and due to the obstiTiction in the bronchial glands aud 
the mediastinal cellulitis. 

The presence of bacilli in the pleural scrum, and the peculirr 
characters presented by them, have been already noted in the description 
of the fresh materials. It may be observed that the presence of tho 
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hacilli in the fluid enclosed in the capillary tube^ may very probably have Apr. B. No. 3. 
been due to their accidental introductioD from the blood or the ontho'wooi- 
niediastinal exndation at the time of the antopsy, and the subseiiuont ^'^£?B'*'?f*'^ 
growth in the serum, ^hich acted aa a cultivating fluid. /hutrict ; b> "^ 

Qise VI., that of J. Heaton (Case 2H, pa^s 101 and 119 of Mr. ^'••^'^^*"'^'**^- 
vSpear^B Report), showed very similar legions, but they were much more 
intense. Reference to the notes of this case fbow that marlced symptoms 
were present only for 24 hours before death. At the post-mortem there 
were some swelliog of the lower part of the neck, lividity of 1 be oeck, face, 
and hands. On removing the sternum there were seen an emphysematous 
cooditiou of the cellular tissue in the anterior mediastinum, extending 
doifu to the subperitoneal cellular tissue, gelatinous exudation beneath the 
sei\)us coat of the pericardium and upon its surface. In the pleurse was a 
liirge quantity of clear serous flnid. The lungs appeareil healthy, but col- 
lapsed. The bronchial glands presented iiosmorrhage into their substance, 
caob'Dg breaking down of the tissue. The other organs showed no marked 
change. The trachea and bronchi, with the surrounding parts, were 
fi«Dt to me for examination unopened. In the lower pait of the trachea, 
dose to its bifurcation, and in the two main bronchi, there was very 
marked irregular swelling of the mucous membrane, which appeared 
in some parts to be infiltrated with blood, in others to be raised in 
ha?morrhagic buUse. The lumen of the bronchi in the affected parU 
was very much narrowed, and on a transverse section the channel 
appeared very irregular. 

Microscopic examination sliowed lesions which resembled those seen 
in the case of Greenwood, but were much more intense, and their mode 
of development could be much more readily studied in its various stages. 
The changes in the trachea were confined to its lower part, and resembled 
exactly the changes in the larger bronchi. 

On examining the transverse section of a bronchus with a low power, 
the most marked change seen was the haemorrhage into the mucous 
membnuie. The remainder of the structure appeared in many places 
quite healthy. Examination with higher powers revealed other more 
extensive changes. 

In the least aflected parts, ue. in those in which no hemorrhage had as 
yet occurred, the mucous membrane was found to be here and there 
infiltrated with bacilli, these lying for the most part in a layer in the 
i^nperflcial part immediately subjacent to tiie basement membrane, or in 
clumps here and there in a similar position. In these parts the bacilli 
seemed to be as yet only accompanied by a very slight degree of inflam- 
mation. 

The next step in the process appeared to be found in those parts in 
which, together with the presence of bacilli, there was a thin layer of 
luemorrhage in the same region; beneath the basement membrane the 
epithelium remaining in situ and being almost unaltered. At the same 
time the bacilli are found to be increased in number and to penetrate 
more deeply into the mucous membrane, clumps being found in the 
deeper lymphatics. 

tStill later the haemorrhage had greatly increased in extent, the epithelium 
was partly detached in a more or less continuous layer by the exudation 
of blood and serum beneath it, the mucous membrane was found to bo 
largtily converted into a mass of blood, inflltrating as deeply as the 
inner fibrous coat, or sometimes as deep as the mucous glands, but rarely 
extending as far as the cartilage. In the vicinity there were signs of 
commendng inflammation, but in no case had this i-eached any advanced 
degree. The bacilli in the superficial layers had now become much more 
abundant, forming dense masses, whilst in the lymphatics they were also 
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very niimcro'js, forming, in some cases, complete plugs, in others neiuiy 
filling the cliannel. They could also be traced more deeply throagUout 
the bronchial walls. 

These changes can readily be traced by means of the drawings in 
Plates V. and VI I. 

(It mast be observed that it was found impossible to represent the 
dense masses of bacilli so as to reproduce them in the lithographs, and it 
was necessary, therefore, to make them appear much less dense than 
actually seen under the micros^cope.) 

Bronchial Glands. — ^In the bronchial glands and the tissue surromiil- 
ing them the condition was similar to tliat in the preceding case, hot tlif 
haemorrhage was found to be much more extensive. In some of tbf 
glands the blood had entirely destroyed the structure of the gland, and 
both within and around the capsule was seen nothing bat one mass of 
blood, with fibres representing pjirt of the structure here and there. 
Very few bacilli were to be discovered in the^e glands, which were 
completely broken down ; it appeared as if they had been washetl away 
or displaced to the outer pait of the clot, where they were found in snuill 
clumps. Compared with the masses seen in the bronchial mucou< 
membrane, they were very scanty. 

Lungs. — In the lungs were no very marked changes beyond those 
which would naturally result from collapse, and from the condition of 
the bronchi. Large areas of the lung tissue were examined with no 
definite result. Even in the immediate vicinity of the root of the limg 
there was almost no change to be found ; a few scattered bacilli hciiig 
found in some air vesicles, apparently inhaled from the bronchi with the 
bronchial secretion. 

The term •* fluid frCm the lung," used in the report of the autopsv, 
had reference to fluid partly expressed from the bronchi, which naturally 
contained numbers of bacilli. 

Heart. — In the heart no marked changes were found ; the muscular 
tissue appeared healthy. No bacilli were found except such as were seen 
here and there in sections of blood in vessels, as in other organs. 

In the other organs only a negative result was obtained, no badlH 
being found except on examining a large number of sections, when one or 
two were found in the blood-vessels. In the kidneys there was maikeil 
cloudy swelling of the epithelium of the convoluted tubules. In the 
spleen bacilli appeared only in comparatively small proportion ; some 
were found in the bloody fluid expressed from it when fresh; but for 
the most part, the condition of the ether viscera was only such as nuy 
frequently be met with in fevers. 

The other case in which this bronchial form of the disease vm 
especially well marked was that of W. Oddy, for the notes and 
material of which I am indebted to Dr. Bell, of Bradford. 

1 he notes are as follows : — 

*' Samuel Oddy, aged 45, woolsorter. Froni January llth, 1881, to 
February 14th, sorted unwashed Van mohair locks, some of which were 
very bad and dusty. Tlie month preceding his fatal illness he sorted average 
Turkish mohair. For several davs before leaving off work he had not been 
so well as usual. On Sunday, Anarch I3th, 1881, he did not complain. Go 
Monday he was at work, but was not well; had no appetite. On l\iesdajr 
he was worse, and gave up work at 4,30 p.m. ; went home; did not com- 
plain of anything ; could not eat his dinner ; went to bed and had a cop of 
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** tea. His wife did not thiok much of this, as he had done the same on App. B.Na.a. 
•* several previous occasions. He said that if he was left alone he should soon — 

* be well again. About 7 p.m. he vomited, was chilly, and complained of ^tcn'DlKuc 
*' pains in the head. During the night he had very little sleep, was thirsty, in the Bndlora 
" had slight cough, but no expectoration, and complained of puin or oppres- p|."'Q^J^Q^d 
aion across the chest, and could not get warm. On Wednesday, March 16th, 
he still complained of pain in his head and chest, but did not think himself 
seriously ill, and would not have a doctor sent for till the evening, when he 
was seen by Dr. Rutherford at 8 p.m. His pulae was then almost imper- 
" ceptible, temperature under tongue and in axilla 94'7^y respiration 3(). He 
" was ordered hot applications externally. 

" I saw him at 12 midnight with Dr. Rutherford ; he was then pulseless; 
" skin moist, cold ; hands, ears, and neck livid ; blood stagnating, arms and 
"^ legs cold. Respirations 46, some cooing sounds, puerile respiration, no 
" crepitant r&lea. Temperature in axilla 99*2° ; in rectum 104*2''. Mind clear. 
" l\it>e8 of blood were taken from the ear and finger. He died two hours 
afterwards, at 2.30 a.m., March 17th, 1881. 

** Pa$t-mortem examination 14 hours after death. Bodv muscular and well 
nourished. Face liWd, ears blue-black, neck and infraclavicular region, 
'* purple ; front of body from nipples to pubes of natural colour ; glans penis 
** and upper surface of scrotum dark purple ; ends of finders livid. On open- 
'* ing the body, fatty tissue one inch thick, muscles dark coloured ; no fluid 
" noticeable in abdomen. 

" Chest opened. Anterior mediastinal space contained bubbles of air. Front 
'' of lungs appeared natural, but on raising middle lobe of the right lung a 
" gelatinous mass of lymph was seen between upper and middle lobes. 
" Right pleura contained three pints of yellowish-green fluid. Right lung 
" crepitant throughout. Left pleura contained two pints of fluid ; slight old 
" adhesions at apex. Left lung natural. 

" Bronchial glands. —Rig fU enlarged, dark coloured, soft and breaking down 
" when cut into. Left bronchial glands natural. 

'^Bronchial mucous membrane not injected nor stained." (This refers to the 
mucous membrane of the bronchi withm the lung. The condition of the larger 
bronchi will be described later. — W. S. G.) 

** Heart, — On removing, a large quantity of thin, dark-coloured blood flowed 
" out. Left auricle contained no clot; not stained. Ijeft ventricle empty, 
" not stained. Mitral and aortic valves natural, no ecchymosis nor staimng. 
Right auricle and ventricle free from clot and staining ; valves natural. 
" Spleen not enlarged ; of natural firmness. 
** Kidneys natural. 
"Liver natural." 

Bacilli were found by Dr. Bell in the pleural serum, the pericardial 
serum, and in the blood from the heart. The lymph eflfused between 
tbe upper and middle lobes of the right lung was found to contain very 
nnmerous bacilli. Inoculation of a mouse with the blood from the ear, 
taken before death, cauf^ed death in 73 hours ; and Dr. Goyder found 
very numerous bacilli in the spleen. 

The parts sent to me for examination included the trachea and large 
bronchi, and mediastinal and bronchial glands, together with portions 
of various organs. No inoculations were made, as no suflRcientiy fresh 
blood was forwarded. My attention was specially directed to the con- 
dition of the air-passages and bronchial glands. 

The examination of the bronchi and surrounding parts showed the 
presence of lesions in every way corresponding with those in the two 
preceding cases, especially that of J. Greenwood. 

In the bropchi there was a similar condition of the mucous membrane, 
extending along the larger bronchi, in some parts similar irregular 
swelling of the mucous membrane, and haemorrhagic extravasations. 
The bronchial glands wei'e likewise swollen and the seat of haemorrhage, 
and in some extensive extravasation had occurred. 

Microscopically also the lesions were practically identical. 
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Bronchi. — See Plata YIII. The mucous membrane was in a oonditioQ 
of chronic catarrh, the basement membrane being much swollen. Beoeatb 
it, at the most affected parts, a layer of blood occupied the mucous and 
submucous coats, producing a swelling at the poiat. In the parts where 
haemorrhage had not yet occmTed, there were seen here and there dumps 
of bacilli ; whilst at those points in which the haemorrhage had oocorred, 
there were masses of bacilli seen at the periphery of the haemorrtiage, and 
in the lymphatics of the deeper parts. Upon the whole, the process vb? 
not so intense in degree as in the case of Reaton. 

Branchial Glunds. — The bronchial glands were, as before said, the 
seat of numerous hiemorrhages. But in many of them the blood-yessels 
were only extremely gorged with blood, and of varicose appearance; 
actual rupture not having occurred. As in the other cases, the bacilli 
were almost entirely limited to the lymphatics at their entrance to the 
glands, and to the lymphatics in the cortex. In some sections only one 
or two clumps of bacilli could be seen. 

Spleen. — In the spleen^ bacilli were only found in very small number, 
and no masses of them were observed. 

Of the other organs, little need be said. As regards the presence of 
bacilli the examination, though very prolonged and minutely repeated on 
a large number of sections, gave practically negative results. 

The heart was the seat of marked brown atrophy. The liver showed 
the changes common in chronic congestion of the hepatic venous system 
(nutmeg liver). In the hidneys there were corresponding lesions ; and 
there was also a marked degree of recent congestion of the cortex. 

Practically, therefore, the characteristic lesions were limited to the 
bronchi, bronchial glands, and mediastinal cellular tissue. 

Case IV*. — In the only other case in which the material sent to me was 
in a fit state for microscopical examination, that of Jacob Bolton (case 35 
in Mr. Spear's Report), I did not, unfortunately, receive the bronchi or 
the bronchial glands. The conditions found at the post-mortem in the» 
organs wore closely similar to those in the cases just narrated ; there were, 
namely, large extravasations of blood into the connective tissue of the 
mediastinum ; the bronchial glands were swollen and hyperaemic. The 
mucous membrane of the trachea and bronchi was '* injected," and tbe 
pleurae contained each more than a quart of clear straw-coloured flnid. 
In both lungs were several apparently recent hemorrhagic infarctions at 
the superficial parts. (For the condition of the other visceroi see the 
post-mortem notes in former report.) 

In regard to this case there must therefore remain some doubt as to 
the exact condition of the bronchi. 

I was, however, able to examine the other parts through which it was 
supposed that inoculation might have been effected, viz., the tongue, 
pharynx, and most of the other organs. 

The tongue showed no marked changes with the microscope. 

The pharynx also, in the parts examined, appeared quite natural. 

In the lungs only those parts were sent for examination in whicb 
there were haemorrhagic infarctions. In these the pulmonary alveoli were 
simply distended with blood, in which long-continued examination failed 
to show any bacilli. The appearances were precisely those which would 
have been produced if haemorrhage into a bronchus had occurred; thei^ 
were no signs of local congestion or inflammation. So far as they go. 
they may be taken as suggestive of the view that some haemorrhage had 
occurred into the bronchi, or they may, like the hemorrhage in tlie 
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pia mAter which was present in this case, have been due to some local A^p- b. Ko. s. 
cause. On the Wool- 

In the other oreans in this caue nothing special could be discovered, ?°1^"«^*?2**? * 

.,.,.«> ^ « o c ' in the Bradford , 

the leaious being those of fever. District: by 

It must be remembered that, even in the blood of this case when i>r. Oreenfleid. 
examined in a fresh condition, only a very small number of bacilli 
were foand, and it is always found much more diflScult to detect them 
in microscopic sections if they are scanty and isolated* Moreover, in 
this case no bacilli could be detected in the spleen, the pericardial 
senim, or the pleural serum. When fresh, they must therefore have 
been very scanty in most of the organs. On the other hand^ not only 
were they present in the blood, but inoculation of lower animals witb 
the blood gave rise to a series of characteristic cases of anthrax. 

SCMMARY. 

The conditions found in the three cases of J. Greenwood, J. Heaton, 
and W. Oddy may now be summarised : — 

In all three the most striking features, already mentioned, were the co- 
existence of medastinal cellulitis, a greatly engorged or even haBmorrhagie 
condition of the bronchial glands, large serous effusion into the pleurae 
causing collapse of the lungs, and last, though not of least importance, 
the presence of what may be termed multiple malignant postnles in the 
bronchi. 

The lesion in the bronchi presented, in various degrees, constant and 
characteristic features, limited almost entirely to the lower part of the 
trachea near its bifurcation, to the two main bronchi, and in one case 
reaching to their first division; this lesion appeared as an irregular 
swelling of the mucous membrane, composed of rounded or irregular 
spots of haemorrhage, which by their confluence produced more continuous 
masses. 

Bj microscopic examination the stages of the disease could be traced. 

In the earliest grade of the process, the most superficial layers of the 
mncous membrane are found to be infiltrated with bacilli, either as a 
continuous layer, or in small clumps here and there, not, however, in 
the blood-vessels. Later, they are also found in scanty clusters in the 
somewhat deeper layers, still, however, only in the connective tissue 
i^paces or iu the lymphatics, often alongside small vessels. Very 
speedily, however, there appear two other conditions, viz., haemorrhage 
and inflammation ; in all probability the haemorrhage being in this case 
largely due to the intensity of the irritation which is produced by the 
bacilh. , 

When the haemorrhage is slight, it may consist only of a delicate layer 
of blood extravasation into the sub-epithelial tissue, or perhaps between 
this and the epithelium, which becomes detached in a continuous layer. 
But if more intense, the extravasation may involve the mucous and even 
the sab-mucous tissue through its entire depth, causing a great swelling 
of the tissue. With the haemorrhage are always found signs of inflam- 
mation, though in an early stage. There is also invariably in the 
vicinity of the haemorrhage a much more marked accumulation of bacilli. 
They crowd the superficial layers of the mucous membrane of the 
affected regions, and are found in large numbers scattered in the con* 
nective tissue. Masses are found here and there in the lymphatics, and 
in some few specimens I have found them in the smaller vessels. In 
fact, they have not only undergone a great increase in number, but are 
penetrating the deeper tissues, and being carried by the lymphatics 
towards the glands. I may observe that this is almost the only instance 
I have found of exception to the general rule that haemorrhages in 
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anthi-ax are dependeut upon vessels plugged by bacilli, although of 
course it is probable that other causes may produce themy as iu other 
forms of blood poisoning. 

The changes in the epithelium are also of considerable interest. 
What is especially of interest is, that in the early stages the epithelium 
is entirely unaffected; there is not even the semblance of catarrh, a.s 
will be seen in some of the drawings ; the ciliated layer is in perfect 
preservation. It is only later that it becomes afiected ; its nutrition m 
damaged by the processes which are taking place immediately beneath 
it ; it may be detached in a layer by bloody or serous exudation ; And 
then catarrhal and necrotic processes ensue. It also frequently happen^ 
that upon its surface is found a layer of catarrhal exudation mixed with 
blood, which may have been merely carried thither from more afiectad 
parts. 

It is clear from the nature of these changes that there is no necessary 
antecedent bronchial catarrh ; that the process of bacillus muUiplicadoo 
commences in the sub-epitheliul part of the mucous membrane, and leads 
to changes closely analogous to those which occur in the skin in 
malignant pustule. 

In the deeper parts of the mucous membrane there are, as I have said, 
masses of bacilli to be found in some of the lymphatics, without anv 
surrounding sign of inflammation. In some s^)ecimen8 I have been abk, 
where the bronchi were affected to further divisions, to trace these 
masses of bacilli, scattered at various intervals through the lymphatic 
plexuses surrounding the arteries, towards the bronchial glands. 

The state of the bronchial glands will have been noted as a strikioi 
feature in two cases, and a similar condition is noted in many other caster. 
Great engorgement, scattered ecchymoses, or extensive hsBmorrhagf« 
transforming some of them into clot-like masses, or even rupture and 
extravasation into the surrounding tissues, ai*e the observed condition^. 
Around these glands is constantly a condition of cellulitis, it may bt 
with merely gelatinous straw-coloured fluid, or this may be blood 
stained, or largely composed of blood. 

Even under the microscope the section of a bronchial gland might 
sometimes be mistaken for a blood clet, except that the sheath of the 
gland remains. Both within and around is seen an almost uniform lajer 
of red blood corpuscles ; only here and there small traces of gland tissue. 

I have found but very few bacilli in this extravasated blood in any 
case, and none generally diffused through it. But in some of the small 
vessels, apparently venules, towards the periphery and outside the 
glands, masses of bacilli are const^uit. 

In the lungs the changes are but slight. In those parts which are 
near the root, and through which the affected bronchi pasa, there arc 
inflammatory changes in the lung also, and bacilU are found in the 
lymphatics, but other marked changes I have not found. Early broncho- 
pneumonic processes are also seen, but not to a high degree. 



Origin of the Bronchial Lesion, — One of the most important poiiit- 
in the inquiry is the determination of the relation which the changv<ft 
in the bronchi bear to the disease ; whether they are produced by 
the local inoculation of the virus in the bronchial mucous membraoiN 
and constitute the starting point of the other changes observed. It i^ 
in my opinion difficult to resist the conclusion that such is the ca^c, 
although I am fully aware that there are difficulties in the way of the 
acceptance of this view. 

That this view is probable is indicated by the close analogy, ahnivt 
approaching identity, of the process on the bronchial mucous membrane 
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with that m the skin in local malignant pustule, arising from external atp. b. No. s. 
inoculation ; bj the absence of any other lesion at all corresponding q^ theWool- 
with the other primary lesions with which we are acquainted ; by the sorters' J>neue 
fact that here and here alone we have the presence of large numbers of Di^ctl^ 
hacilli in process of active growth and multiplication ; by the fact that ^' QnedUid. 
(he bacilli are not found in the blood vessels in this part, but in the 
lymphatics, and can bo traced thence to the bronchial glands by the 
lymphatics. And, lastly, that all the other changes could apparently 
Ih* traced to this bronchial affection as a source. This latter point is 
one of especial importance, and upon it the proof must in great measure 
ilepend. To estimate it rightly, we must compare the changes with 
those which are produced by a Jocal inoculation, whether accidental or 
nteutional, in some part where the changes can be readily studied. 

In the case of local inoculation in the distal part of the limb of an 
animal, we find that there is produced a very marked local swelling, 
vxtendmg from the point of inoculation along the connective tissue 
planes, and that the cellulitis sometimes spreads widely, and is often of a 
pecoliar gelatinous character. In the fluid are always found bacilli. In 
tite case of rodents, I have not found marked engorgement of the lym- 
phatic glands, nor in bovine animals is this always prominent ; but it 
:t[ipe!trs always to occur in dogs and in man, and according to 
Toussaint's extensive experiments, it also occurs invariably in the sheep. 
In fact, in dogs and in man the process tends to be more local, and 
there is frequently formed a local lesion, the malignant pustule, which 
1^ surrounded by extensive cellulitis, and is always attended with marked 
inflammatory swelling of the lymphatic glands. It must also be observed 
that the cellulitis in all cases tends to spread very widely ; that if the 
inalignant pustule is seated on the forearm, the whole arm may swell up to 
a great size, the swelling extending both above and below the pustule ; 
ihitif on the cheek, it may involve the whole side of the head and face 
and abo the neck, and the cervical glands may become enormously 
^wollen and engorged with blood ; in other words, although the process 
cf inocolation spreads itself by the lymphatics of the part, it tends also 
to (liflTase itself somewhat widely in the adjoining tissues. 

Now if we could locate a malignant pustule on any part of the mucous 
membrane of one of the larger bronchi, we should inevitably find that 
there would be rapid and great swelling of the bronchial glands, 
and by analogy we should anticipate an intense cellulitis around the 
^wollen and inflamed glands, extending widely from the seat of the 
I»rimary inflammation. This alone would serve to account both for the 
mediastinal cellulitis, and for its extension upwards to the root of the 
neck, and in some cases downwards into the sub-peritoneal cellular 
tissue. 

Apart from any inflammation of the pleurr;^ we should expect some 
pleural effusion to result from this cellulitis, for both the lymphatics 
passing into the swollen or broken-down glands will become rapidly 
obstructed, and also the lymphatic trunks and veins themselves must 
be compressed, so that a dropsy of the pleura would probably result. 
If the pleuras were generally adherent from old disease, we should 
wticipate the production of oedema of the lungs by the same mechanism. 
We have seen indeed, in one case, that the dropsy is not limited to the 
«*roiis cavity, but may affect the deeper layer of the pulmonary pleurce, 
and produce large watery bullae on the surface of the lung. As I have 
already hinted, this mode of production of the pleural effusion is indicated 
t'7 its constancy in cases where this condition of the bronchial glands 
wns present, by the equality of the effusion on the two sides, by the 
entire absence of signs of pleural inflammation both during life or after 
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S-r bSJKS lesion of the bronchi ^ ^-^^Xionff ound^in these cases. ^, 

DfatrictjbT -naioffv of producing the «o°*"**°^ •.J^ v_ the D«eitio« and ch»ract«^r 
p.G„«n/eUi. -^g, o2 ^ iTnot only supported g^^tSthe ^,^ eluu»g« 

of the secondary l^ions. but U IS also con „ . :- th* 

nfi^weuTetihasi^e hen, the ^-1*1,^,^^^:^ 1 b.- 
br^'icW ^ffer most shingly from any^^y.cj;«^„^y eojorn^ 
observed either in mat. or ^''/J^ ***TorSdl the positions t"^«=^' 
other known primary »no«"'»t'"^.„^' ^ hemorrhagic V^^^JlX 
have examined th^^^^^rSlrS. found in the blood-v^«d«. or ^ 
heart, the skin, &c., thebajalh have b^^ ^ ^^„ conveyed thxthe. 
positions which rendered it evident that in y 

by the blood-vessels. bronchi with those m iii»i»g°»" 

The paraUel of the changes in the bronco ^^^^ 

piK the skin cannot -r*,^^ ASation Sing pLoe t»«^^ 
^ And, lastly, the great probabihtyirfinMUU ^^^ ^ .baa^ff 

the medium of the "'^'''f tL'^^-d^ove«d lesion of a similar oture 
in these cases of any other hitherto-discovereu 

in other parts. ^ . j;fl5„„uies in the way of accept* 

Unque^onably there are certain difficuUi^^^^ 

of this' view, which can only be ^^t^ h^^- J ^,^„^ti themselTe* . 

First The multiple character of «e f wn P'»t'l'^.^, 

if it is analogous «ith malignant P"^"^!'^"} "halation! do not mdK»^ 

Second. That the results of expenm^tal «» j nion f«r^ be 

the mucous membrane of the bronchi as « probaD Ih»^^ ^^^^ 
entry of the virus, the pulmonary alveoli be.n„ 

surface- „f swellins of the glands of the 

Third. The presence in some cases «f f,Y®„ "Ctinum may po^Wy 

neck at some distance upwards above the »« j^jgher point 

indicate the position of the pri'»»^y,*tf'**?" bronchi. 

than the bifurcaUon of the trachea and the larger u ^^ j^^^^p. 

It will be necessary to consider these «03«5=Y„ the bronchi cw be 
whether it is possible that the condition observea u. ^^^ 

secondary bef^ deciding certainly in favour of tbe vie 
affection is primarily bronchial. 

SECTION IIT- 

EXAMINATION OP THE HaIR AND WOOL, AND DIRECT ESLPEBIKE^-^ 

WITH THKM. 

It might have been anticipated that direct examination of a^^^^^'f 
mentation with the liair or wool which furnished the apparent ^"^ ^ 
the infection would have led to important results. This, howe>ext 
the sequel shows, was not the case, nor is the reason far to seek. 

A consideration of the conditions of experiment affords » «» j 
explanation of the causes of failure. So far as could be seen, the (i^*^ 
was originated by the inhalation of the virus with hair or wool m 
'rom certain infected samples. From all the evidence attainable, the* 
samples api^ar to constitute only a very small proportion of tbe wool: 
the diWpw '*!5 "T^^ dangerous-'kinds/ And anyone who suffered fro^ 
iSoTird'^tLI: "^"""S '^^ P^"^d intervening between the exposure.^ 
a Wge UntiS^ ^^ symptoms, hfve sorted or dealt ^ 

ge quantity of the wool. It might be that only one out of twefltv 
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or more bags oootalaed the viras, and that this was limited to one small app. b. No. s. 
part of that bag. When, therefore, it became desirable to take for On the Wool- 
purpose of experiment some of the wool supposed to be the source of JJ'JS^BSiS^ 
infection, it would only be by a very fortunate chance that an actually District ; by 
infected part would be selected. The most likely material for experi- ^r- Oreenfloid. 
mept would be the wool dust collected from beneath the '^ table " at 
which the sorter had bean working. Here, however, the dust is mixed 
with a lai^e quantity of similar dust accumulated during some months 
{rule Mr. Spear^s Report), and would, even if present, be highly diluted. 
Although the experiments might in these unfavourable conditions have 
i>een successful, they could not be negatively conclusive, if unsuccessfuL 
», Another fact of importance wa» the difficulty, if not impossibility, of 
reproducing conditions analogous to those under which the infection 
occurred. If it had been possible to cause suitable animals to breathe 
constantly an atmosphere charged with the dust, the experiment might 
ha?e succeeded; pracficaliy, however, the greatest difficulty was 
experienced in approaching these conditions. 

From whatever cause, the entire series of experiments failed to 
produce any result. 

For the purpose of examination and experiment, a large number of 
samples of the wool which was apparently the source of infection in 
the cases recorded, and of the *' dust " from the tables of the sorters 
who died, were sent up by Mr. Spear. The results having been 
negative, I shall not give in full detail the record of the experiments, 
hut merely their general outline. 

Microscopic Examination of the Wool Dust. — This was found to 
consist largely of short fragments of hairs, to many of which parts of 
the rootshcathy or particles of epidermis, were attached. To many also 
there were adherent masses of altered blood clot. Many of the bits of 
hair were sharply pointed, and variously altered by decomposition, split 
up Into fibrils, &c. Together with these remains of hair and epidermis, 
there was a large quantity of calcareous and other particles, and some 
vegetable matter, such as are found in ordinary dnst ; many fungus spores 
of various kinds; and in some specimens, a large number of a minute 
acarus. It was found impossible to distinguish any special spores or 
hacilli as related fo anthrax bacillus. 

Examination of the hair itself did not furnish any special information. 

Experiments, — The first experiments were made by exposing two 
heifei-s to possible infection. One of these animals was supposed to be 
proof against infection, having been previously inoculated with anthrax ; 
the other, as was proved by later experiment, was susceptible. The out- 
break of splenic fever on the sewage farm at Harden having apparently 
shown that cows might be infected by water in which the hair had been 
washed, it was thought desirable to try a similar experiment. A 
quantity of the hair was therefore stirred into the water which the cows 
(Irank, and allowed to remain in the water, care being taken that it was 
thoroughly macerated. The cows showed some aversion to this water 
^ first, partly, it seemed, because they swallowed some of the hair ; but 
afterwards they drank it readily. 

This was continuetl with fresh samples of hair for nearly three weeks 
without result. 

Another method was then adopted, that of placing a quantity of 
the hair which was supposed to be most infected close to the food of 
the cows. Bepeated samples were thus tried, every means being taken 
to expose them to infection, but also with negative results. 
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Afp.b. X(vS. At the same time a number of experimeDts were made with gnmea- 
On the Wool- P'gs and mice. It was found on trial to be impoBsible at the time to 
In th?B^?rd P *^® animals in an atmosphere charged with the dust. Had time 
District ; by permitted, it would doubtless have been found possible to OTeroome the 
Dr. Greenfield, mechanical difficulties which impeded the performance of the experi- 
ment. It was necessarj, therefore, to trust almost entirely to feeing 
experiments. 

For this purpose a number of guinea-pigs and mice were kept od 
food with which a large proportion of the wool dust, either as collect^ 
from the sorters' trays, or prepared by shaking out infected samples oi 
wool, had been mixed. These feeding experiments, with Taried samples 
of wool, were continued for some weeks, without in any case the slighte<i 
result. 

These experiments do not in any way impair the belief that the wool 
was the source of infection, for apart from the difficulties to irhieh 
reference has already been made, the experiments of others with 
material of known virulence have shown that these methods of experi- 
ment are liable to failure in a large proportion of cases. Buchner? 
inhalation experiments are. especially interesting in this respect. 

All that can fairly be said is, that the experiments, if successful, would 
have been of great confirmatory value ; their non-success leaves the 
question to be decided by other means. 

Examination of the soapy water from the Harden Grange tanki «J<i 
trenches also gave entirely negative results. 
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EXPLANATION OF FIGURES. 



PLATE I. — Anthrax (Splenic Fever) in Bovine Animals. — 450 

diam. From Drawings by Dr. Maddox. 

A Subplearal tissue from a cow whicb died of splenic fever, containing 
nmneioas bacilli. 

R. Part of a renal glomerulus from tbe same case, showing bacilli contained 
m tbe capillaries. 

C. Masses of badlli in tbe heart. From a part of tbe beart wall in wbicb 
rupture of a vessel filled witb bacilli bad occurred. At the lower part are seen 
the muscular fibres. 

(In this and the succeeding plates the sections have been stained witb 
metbylaniline riolet and mounted in Canada balsam. The outlines of the 
tissue elements are therefore for the most part indistinct, and in some of the 
drawings have been represented in a different colour for the sake of greater 
clearness.) 
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PLATE II. — Anthrax in Bovine Animals. 

Part of the heart wall of a cow dead of anthrax produced by inoculation. 

a, a. Masses of bacilli in the intermuscular planes of connective tissue. 
These had escaped from vessels in the immediate vicinity, which were plugged 
with masses of bacilli of such density that they could not be clearly represented 
in the drawing. 

h. Muscular fibres. 
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PLATE III. — ANTnn.vx in Bovine Animals. 

From lung of a cow dead of inoculated anthrax. 

Bacilli are seen in great abundance in the walls of the air vesicles, being 
contained in the pulmonary capillaries, the outlines of which are not seen in 
the drawing. 

From a drawing by Mr. John Grant, M.B. 
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PLATE IV. — ^Malignant Pustule in Man. 

Fig, !• 

Section of entire pustule from the forearm of a woohorter^ magnified four 
diameters. 

The limit of the pustule proper is between a and a}, but the tissues beyond 
these limits are much swollen and elevated. Between b and b^ is the cen^I 
black eschar, consisting mainly of layers of altered blood with degenerated 
epidermic cells. At this level the tissues subjacent are deeply involved, the 
entire thickness of tissue veen in the section, extending deep into the sub- 
cutaneous fat, is infiltrated with blood and serum, and further to each side with 
leucocytes and blood. 

Between a and b and a' and b^ is the region of vesicles which are formed 
mainly by serous effusion in the rete malpighii, and detachment of the super- 
ficial layers of epidermis. 'i*his can be well seen between a and b on examina* 
tion with higher powers. 

Fig. 2. 
Part of the same section under a higher power (400 diam.) showing bacilli 
in the lymphatics of the superficial layers of the corium. From a point 
between a and b, Fig. 1. 

From drawings by Mr. John Grant, M.B. 
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PLATE V. — ^Anthrax in Man (Woolsortkrs' Disease). 

Section of Urge bronchua of a woolaorter (Heaton) stained with inethyi« 
aoiline violet, maffnified four diameters, showiog the irreguUir swelling of 
bronchial walls and hasmorrhage into mucous membrane. 

a, a. Blood in mucous membrane, most distinct towards the surface, but 
infiltrating as far as &, 6. 

c. Cartilages, deeply stained by the colouring reagent. 

Drawn by Mr. John Grant, M.B. 
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PLATE VI. 

Bronchus of a woolsorter (Greenwood) under nther low power (about 50 
diameters), showing an early stage of the bronchial affection. 

a. Epithelium. 

b. Mucous membrane infiltrated with blood and serum, and considerably 
swollen, forming a projection into the lumen of the bronchus. The nonnal 
thickness is seen to the left side of the drawing. 

r. Glands. 

d. Cartilage. 

f. Position of the mass of bacilli mixed with blood. 

Drawn by Mr. W. Anderson, F.R.C.S. 



.!■.;; HCDroaaS 



Srerwhoj of a, Wcolsorter J. Rattan. 
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PLATE VII.— Antubax in Man. 

Section of bronchiu of a woolsorter (Heaton) showing under a higher power 
(about 120 diameters) the appearance of the mucous membrane at a in 
Plate V. 

a. Epithelium, which is detached elsewhere. 

b. A mass of blood infiltrating the mucous and submucous tissues, and 
containing numerous bacilli, some of which are seen at/. 

c. Submucous glands. 

d. Cartilage. 

e. An amorphous mass consisting of altered blood and epithelium, and con- 
taining numerous bacilli; in structure and microscopic characters it closely 
corresponds with the central black eschar of the malignant pustule, b, b' in 
Fig. 1, PUte IV. 

Drawn by Mr. W. Anderson, F.R.C.S. 
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PLATE VIII. — Section of Bronchus of a Woolsorteb (Oddy). — 
Magnified about 220 diam. From a drawing by Mr. J. Grant, M.B. 

a. Epithelium, accidentally detached. 

b. Mucous coat, which is seen to be slightly swollen, the c^illaries dis- 
tended with blood ; at the deeper part is seen a mass of bacilli, which are 
situated around, but not within the capillaries. 

c. Muscular coat, unaltered. 

d. Submucous coat, somewhat swollen ; capillaries greatly distended 
Numerous bacilli are seen in the tissue, around but not within the capillaries. 

e. Mucous glands. 
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PLATE IX. —Section of Bronchus op a Woolsoster (Greenwood) 

SHOWING A VERY EARLY StAGE OF THE AFFECTION. (120 dilim.) 

a, Epithelhim, covered on surfnce with a layer of blood corpuBcles and 
mucous. The Btratified appearance of the epithelium is mainly due to con« 
traction of the bronchus. At o' is some proliferation of the deeper cells. 

h. Capillaries and vessels of mucous membrane much engorged with 
blood. 

e. Mucous glands. 

d. A group of bacilli in the mucous membrane. 

e. Bacilli in mucous membrane, occupying a distended lymphatic. 
/. Muscular coat. 

Drawn by Mr. W. Anderson, F.R.C.S. 
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PLATE X. — ^BiiONCHUs op a Woolsorter (Greenwood). 

a. Epithelium, beneath which is seen the basement membrane, somewhat 
swollen. 
h. Distended capillaries in mucous membrane. 

c. Mucous glands. 

d. Cartilage. 

€, Scattered bacilli in superficisJ layers of mucous membrane. 
/. A mass of bacilli in deeper part of mucous membrane, close to muscular 
coat. 

Drawn by Mr. W. Anderson, F.R.C,S. 
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PLATE XI. — Results of Inoculation of Animals witu Blood 

from woolsorters' disease. 

Fig. 1. 

Lung of a guinea pig inoculated with blood from woolsorter. Low ])ower. 

a. Pleural surface. 

b, Masses of bacilli plug^ng branches of the pulmonary artery. 

Fig. 2. 

Mass of bacilli in an arteriole from the same lung, seen under a higher 
power. 

Fig. 3. 

Section of kidney, showing bacilli in the glomeruli, and in capillaries of 
intertubular plexus. 
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PIiATE XIL — Inoculation of Animals with Blood froh 

WOOLSORTERS DISEASE. 

Lung of ffu'iDca pig (D) inoculated with blood horn lung of woolsorter 
(Greenwood). 

a. a. Masses of bacilli in the deeper layers of pleura. 

b. Mass of bacilli forming a plug in relatively large branch of pulmonary 
arteiy. 

c. Bacilli in pulmonary capillaries in walls of alveoli, cspedally abundant 
near c, but also seen over the entire area of lung tissue represented. 
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(a) AbCLT hUTM' 

((f.) Habitat 
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1. — Introductory. 

The following Report, which was drawn up in the spring of 1882, has for 
its object to summarise the principal experimental facts bearing upon 
the physiological relations of the low vegetable organisms included 
under the term septic bacteria. In collecting the accumulated evidence 
on this subject, it soon became obvious that if the various results obtained 
by different investigations were indexed under two main groups, viz., the 
Life History of Bacteria, and their probable Products, it would be 
I^ossible to catalogue the facts, and thus afford a means of easy reference, 
although many generalisations would be sacrificed. With this end in 
view, the nomenclature and temporary classification of the lowest 
organisms are first described and then the details of their life history 
enumerated ; while, as a second division of the subject, is placed the 
consideration of the chemical poison found in putrefying fluids, since it 
is the supposed result of the vital activitv of these low fungi. From the 
present transition state of the subject of putrefaction and fermentation 
it was found necessary to exclude on the one hand evidence which 
rested on &cta elicited by one or two observers only, and to avoid on 
the other hand all ^scnssion of the close relationship, if not identity, 
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APF. B. No. 4. existing between the two processes. It only r^oialnSy therefore, iii 
Oo" Septic these introductory words to explain the meaning of some of the terms 
SSr^Ph* sioT** •- ®™^pl^y®^ *^ *'^® following pages. Thus the word sepHe (the sabsUa- 
cai BeUtloosT^' tive form of which is sepsin) is derived from the Greek root form XAil 
byMr.Howley. ^ f^u^^ j^ ^nnn, SAHPO^, and which signified both putrefaction and 

fermentation (Liddeil & Scott, Greek Lexicon) ; so that ii really xneaoii 
a kind of katalytic (contact) process in which compound substances are 
broken up into simpler ones. The word septic is ordinarily understootl 
to convey at the same time the idea of putrefaction, while the prodacu 
of fermentation may neither be unpleasant nor poisonous. So fiu* the 
terminology is clear, but the term septiccemia is at present used to mean 
both (1) a myco^ (that is, the invasion of an animal organism by & 
parasitic vegetable one) and (2) the symptomatic phenomena resulting 
on the introduction of the chemical poison of* putr^action (sepsin), this 
latter condition being also called si4)r£mia. To avoid this con&sion it 
has been proposed to name the former condition septic infection and the 
latter septic '' intoxication " or saprsemia. In view of the indefinite 
way in which the word septictemia has long been employed, it would 
seem best to retain it solely as a general term, and thus it would hav^ 
much the same meaning as the expression " blood-poisoning," in which 
sense it will be employed here. 

The word '^ pyaemia " has long since lost its original meaning sinc<i 
research proved that the condition was not dependent on the presence 
of pus in the blood ; so long indeed that it is now universally employed 
as a term under which a kind of systemic poisoning ia accompanied 
by embolism, diffuse suppurative inflammations, rapidly varying tempera* 
tures and rigors.* Although this clinical picture may be incomplete, 
and thus one or more varieties of the affection be described, still the 
term may be retained as a general one indicative of a form of septic 
poisoning, the duration of which is usually lengthy and accompanied bv 
the development of suppurative inflammation ; the question of itsmyeotir 
nature will be discussed further on. Further, since it will be scarcely 
possible to avoid the use of the term " infection," or *« infective," it is 
of the greatest importance to restrict its interpretation if possible, and to 
render our meaning clearer. Since, as we shall see, the chemical poison 
is exactly comparable to an alkaloid, we can scarcely speak of its action 
as in any way " infective " any more than the influence of aconite, &c. 
can be termed infectious. By infection, then, is meant a process con- 
nected with the life-history of some oi-ganism, and, so the term in- 
applicable strictly speaking only to the conditions Nos. 2 and 3 of blootl- 
poisoning, implying as it does the rapid spread and multiplication 
(within the animal) of the lethal cause. 
(Note. — ^There is as yet no evidence pointing to the possibility of the 

chemical poison multiplying within the body.) 
Finally, the word mycosis is used to signify the parasitic growth of a 
foreign vegetable organism in an animal, and although only as yet 
proved to occur in one or two diseases, it enables us to construct a 
theoretical schema of the possible causes of *' blood-poisoning " or 
septicaemia. These are — 
(1.) Absorption of the chemical septic poison (sepsin). 
(2.) Invasion of the animal system by a rapidly growing organism, 
which by its growth and extension may interfere simply 
mechanically with the nutritive processes of the host. 

(Mechanical mycosis.) 

, ^ 1^ ,, - — — - — - — — — — ■ ^^~™*'^^' 

* 6, 10. 16, 45, 46, 51, 55, 58, 63, 67, 70, 81, '25, 26. 88, 35, 88, 90, 95, 96, 103. 
109, 110, 125, 134, 149, 165. 167, 176,197, 199, 202, 214, 217,224, 261, 259. 
270, 275, 283, 286. 
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(3.) Poisoning of the system by the metalwlic changes (a) dcstrnc- app. b.No.4. 
tive (6) formative, produced in it by the growth of a vegetable ^^ "s^T"^ 
organism. (Biological mycosis.) Bacteria ''ami 

Thus in biological mycosis the animal may be killed in the first phice Ji^SiiiiionsT * 
by the destruction of its tissues, caused by the nutritive necessities of by ifr. Hoi>ie'y. 
the parasite, or in the second place it may die from the metabolic 
prodocts of the parasite's life. 

From the consideration of the terms employed, we may pass on at 
oQce to the classification of the micro-organisms. 

Clamfieaiian and Nomenclature, — In the following description of 
the micro-organisms found in connexion with the katalytic process it 
is taken as proved that they are of vegetable nature, and so their 
classification commences under the head of the algns. It is un- 
necessary to go further for proofs in this direction since all the details 
of their life -history (described below) establish their botanical nature, so 
that it only remains to see how far it is possible to classify the different « 

varieties for the purposes of convenient description and future reference. 
The direct operation of their method of reproduction leaves it too open 
a question to ficcept the term " schizo " or ** schisto " mycetes as 
expressive of all the varieties mentioned below, so in view of tlic 
temporary character of any classilication merely the P^nglish expression 
for fach chief variety has been retained. The method of classification 
of these different forms depends on the acceptance or rejection of the 
theory that all are mere metamorphotic states of one or very few stock 
forms. Where direct observation (and this only can be accepted 
«.s positive evidence on this point) has been applied to any given form 
there has been found a definite cycle of changes, resulting in a repro- 
'laction of the original shape; with the formation of filaments and 
-''pores as the only departure from the single rod with which the obser- 
vation was commenced, the experimental evidence thus controverting 
the theories of Hallier and Naegeli. 

Evidently then a practical classification, even though it be of a 
temporary nature, must be founded on other principles, such as form, &c. 
And the readiest is the older arrangement by Cohn, it being undei*stoo<l 
to be accepted merely for greater ease of description. The arrangement 
of the organism into tribes and subdivisions necessarily fails where 
apparently the same organism is found under opposite conditions, and 
then a functional difference is perforce assumed, to convey the idea of 
?IKxxific nature of the organism. The insecurity of such minuter 
(Inscription does not, however, militate against the practical value of the 
classification which with the reservation mentioned above will he 
employed in the following account. The classification as it stands tliou 
consists of four tribes and six subtribes. 

Tribe 1^'^' Spherical Organisfns. 

Micrococcus, Bound or oval organisms, 1 '5 — 2/x in diameter. 
Sabdiyision. 
1. M. prodigiosus (red) 1 Pigment insoluble, or very 
2' M. luteus J slightly, yellow soluble (244) 

3. M. aurantiacus 'J ^^^ ^^,j^^,. 

5:m:^~ U-nteoluble ^ 

^* M. violaceus J 

'• M. ureffi. Supposed cause of Urea katalysis. 

^* M. Taccinae. „ „ Vaccinia. 

9. M. diptericus. „ „ Diphtheritic inflammation. 

^^' M. septicus. „ „ Suppuration, pya3mia,8iC.(Klebs.) 

^^' M, bombycis. Mycotic cause of death in silkworms. 



r - 



242 



App. B. Ko. 4. 



On "Septic 
Bacteria " and 
their Pfaysdoloffi- 
cal Relations ; 
b^ Hr. Honley. 



Tribe II. — Bacteria. 

Sub-ilivision. 

1 . B. termo. Cylindrical organism with rounded extremities ; tengtb. 

2 — dfc ; breadth, 1 — I^/a. Often united in pairs. 

2. B. lineola (Cohn). Length, 2^fA, 

3. B. lactis (Lister). 

Tribe III. — Ribbon-shaped Organisms. Desmo Bacteria (Cohn). 
Sub-Tiibe (a). Straight axis. Bacillus. 

1. B. subtilis. Supposed cause of butyric katalysis; length, 6^. 

breadth * 5/a, or less. 

2. B. ulna. Length, IO/a, breadth, 2fi. 

3. B. anthracis. Supposeil cause of one form of splenic fever : 

length, ayei*age 4 — 5/x. 

4. B. septicaemiaB (Koch). 

6. B. malarisB (E^lebs and Tomnutssi). 

6. B. tuberculosis ? (Koch). 

7. B. lepra). 

Sub-Tribe (6). Wavy axis. Vibrio. 

1. V. rugula. With one flexure. Average length, 8 — 16/*. 

2. V. serpens. With several flexures. Average length, 23 — 2Gh., 

with 10 — 15 flexures. 

Tribe IV. — Screw-shaped Organisms. 

Sub-Tribe («). Flexible and wide screw interval. Spircithtete. 
Subdivision. 

1. S. plicatilis. 

Sub-Tribe {b). Stiff, with narrow screw interval, Spiriiium. 
Subdivision. 

1. S. tenne. Lenglh, 2 — loji*. 

2. S. undula. Larger size than S. tenue. 

3. S. volutans. Largest S. Length, 25 — 30u ; thickness, 1 ' o^ 

NoTB. — Those conversant with Cohn's classification will note that in 
the above version the terra bacteria is restricted to Tribe II. Sino' 
this has been done the growing tendency among the authors wha 
have written on the point is to apply the word only to a cylindrical 
organism, the length of which shall not exceed twice the breadth, 
provided that the form under consideration is in the adolt ^tago. 
Further, although measurements ai'e given as diagnostic of each 
organism, these ai*e not in any way to be considered as exact, slnct? 
in every preparation forms of different length may be seen a< a 
mere result of fission, but the figures are added to aid in the recog- 
nition of any given form. 

With this sketch of the kinds of organisms met with under the namo 
of septic " bacteria," we are now able to discuss their physiological 
relation and their distribution in health and disease. 

The universality of distribution of the organisms numerated above, 
when considered in connexion with their supposed pathogenetic pro- 
perties, renders it highly important to investigate further the detaife of 
such distribution. These details may be most conveniently studied 
under the headings of the Soil, the Atmosphere, and Water. 

1. Soii. — It is only comparatively recently* that the study of 
organisms, the adult forms or spores of which are found in the soil Iia^ 
been taken up. The forms most commonly found are micrococci hiuI 
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badllii and, aa might be expected, the superficial layers contain the App.b. Ko.4. 

^'reatest number ; while further the bacilli are found, especially where q^ *'s^^ 

tbe soil 18 saturated with decomposing animal and vegetable fluids ^*^25'.]rtS** i. 

,'inftDures, &c.)) the organisms decrease in frequency with the depth oaf ReUtioua;^ 

investigated, until at about 1 metre the undisturbed earth is apparently ^yMr.Howiey. 

free from them.* In connexion with the existence of organisms in the 

rartb, it mast be remembered that (1) probablyf the lowest winter 

ti^mperature has not the slightest influence on their actual vitality, and 

fliat (2) the penetration of the soil by them will difier according to the 

possibility of carriage by the soakage of water : while some of the 

jrvmotic diseases are possibly mycotic in origin,]; and are undoubtedly 

connected with obscure changes in the soil, the question of the existence 

of (M^anisms in soil which may be termed healthy evidently requires 

thorongh investigation, and would afford a firm foundation for the 

sabsequent research into the etiology of cholera and malaria. 

In passing from the consideration of the earth organisms to those 
foimd in the air, we necessarily discuss their occurrence in dust, since it 
i? possible by filtration, &c,, to obtain air dust-free and organism-free 
nbo. Tbe possibility of organisms existing in the dust depends ou 
.^•verai conditions, not the least important of which is the but slightly 
kaown subject of the duration of life when the organism is exposed to 
prolonged drying. Under these latter circumstances, at any rate in old 
il j.^t on cultivation, only mould fungi and bacilli have been obtained, i.e., 
\*-^ttMe forms habitually forming s|x)res which are undoubtedly 
«v{)able of greater resistance to various agencies, such as heat, <&€., than 
lU adult forms which are readily killed. § Further, siuce the propoition 
('i dust in the air varies greatly, it has happened that no orgiinisms have 
^^n obtained from some specimens, while in other casen, such as the 
•atmosphere of hospital wards, they are foimd in large numbers. In 
MiDilar moist and warm air of rooms, micrococci as well as bacteria and 
^^illi, have been found and artificially cultivateil. There seems to be 
•Hi agreement in the experimental investigation of this question with 
I' '^ard to bacterium termo, spirilla, spirochseta, and a few others, viz., 
^Imt they are but very exceptionally contained in the free air; and 
therefore, supposing the theory of organised ferments to be possible, 
tlie starting of putrefaction, <&c., would be usually due to carriage of tlie 
tennent by other means than atmosphere. || Organisms are found in 
^ater number in the air close in tlie neighbourhood of decomposing 
substances, and the purification of the atmosphere beyond is perfectly 
obtainable by the proper use of ventilation and disinfection.lf 

Waters — ^The existence of micro-organisms in water depends of 
cc'urse upon the presence of the proper percentage of solids requisite for 
tltt'ir nutrition, and whenever investigated under conditions which 
Tender their admission from the atmosphere impossible, this has been 
t'>Qnd to be the determining fact of their appearance or not. They 
'<ave even been found in Bnow.|| 

In generalising from the foregoing details, we see that the occurrence 
of tliese lowest plants depends entirely on the density of the medium iu 
luestion, and that excess, either on the side of concentration or dilution, 
'.qually determines their non-development, and (if previously introduced) 
tltf'ir death. This point will be seen later on ta be of universal truth, 
and whether the medium be river water or concentrated discharge from 



• 134. § 134, 187, 12, 57, 100, 105, 157, 163, 

t 27. X7I, 182, l»6, 222, 216a. 
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APP.6.N0.4 ^ wound, organisms are incapable of growth until concentration in tl- 

„_— one case and dilution in the other has been performed. 

Bacteria "and From the Consideration of the existence of micro-orgnnisms oui>i !• * 

o«f^ESti**n*^^ ^^^ animal system, we pass on to the discussion whether the appan-nil; I 
by tfr. Horsiey. universal distribution is equally true of the interior of the bodj. i> | 

take the regions most exposed to the air as the simplest case, we fii •! | 
that the skin and alimentaiy canal are the eommou seat of the growt''> } 
of organisms. As regards the parasites on the exterior of the skin, it .1 ) 
to be noted that organisms have been frequently found in pen^irat^'ni J 
even when the skin has recently been cleansed, and that these organ i^:: • i 
may present a yellow or blue colour. They have idso been describeil . ] 
growing on and in hairs supposed to l)e healthy.* The colour of tlp«* 
parasites may be rwl, yellow, violet, or blue. The orifices ot il* 
alimentary canal and air passages are loado<l witli organisms of ^aiim 
forms, micrococci, bacteria, spirilla, spirochsta, and bacillas filooit^ 
(lcptothrix);t while they penetrate into all neighbouring cariti' 
that can form a suitable nidus such as the dentinal tubules where e\\^'^ 
in carious teeth. With reference to the last point, it is interesting i- 
notice that each canal or tubule contains but one kind of or^ni>ni 
another evidence of the mode of growth described on page 241. A;* ii>' 
investigation is carried further down the alimentary tract, mi«n . 
organisms become less and less frequent, so that it is doubtful if t: 
healthy empty stomach contains any at all so to speak indi|;cito:« | 
especially as acids, even if very dilute, are so unfavourable to the II/hm J 
organisms. § Of course, quantities depemlent on the character of t' 
food are introduced at each meal, but save in pathological states ot tl- 
mucous membrane the gastric secretion appears to be adverse tot!> 
vitality, or at leat^t to the development, of these organisms; but same " 
course, enclosed in undigei^ted masses of food, may pass throtJ<rli li 
pylorus into the duodenum. Here tliey are subjected to the action • * 
three secretions, the biliary, pancreatic, and that of Brunners glaii''- 
Of these, the first and third have probably no action on ccUuIojv, :r" 
therefore the adult organism may exist and jXirhaps develope in tiii.' 
fluid. On the other hand, pancreatic juice swarms with organism?" 
the least introduction of impurity,{{ and since indol is found in t: 
faDces, it is fairly certain that they exist in the human duodenui^ 
Further, since the secretion of the remainder of the alimentary tnwi • 
an alkaline fluid with but a slight amylolytic action, organisms ma> i- 
four.d all along the intestines. In dependence on this fact li<*s ti 
lX)ssibility of a micrococcal mycosis occurring in cases of ulceiaticm «! 
the mucous membrane, and enabling suflicient masses of organii^m ^ ■ 
gain access to the blood stream by means of the lymphatic spoo''^ n^i 
duct, possibly accounting for some " py»raic" conditions resulting; ou . 
severe attack of typhoid fever. 

The entrance to the air passages we have seen to be tlie seal • 
luxuriant fungoid growth (especially in cases of disease or want • 
cleanliness), but according to the, as yet, scanty research on this p**'n\'* 
they arc not found deeper than the divisions of the bronchi. Ami 1' 
alveoli are said to Ixj completely free from them unless tliey m- 
artificially introduced.** This is perfectly comprehensible when s*' 
consider the constant carriage outwai'ds of the bronchial mucoir by t}> 
cilia; and all oi^anisms inhaled if not arrested in the pharynx :i>i 



* 76, 210, 116a, 19. ,| 186, 126, 239. 

t 44, 168. «^ 269. • 
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narrow chink of the glottLs would apparently ccrtainlj be caught by the app. b. No. 4. 
sticky lining of the bronchi, just as a tube coated with gljceriae acts as on-SeptTc 

i\ filter. Bacteria '* and 

If, however, carbon particles are carried from the exterior of the J!tf R^tfoiu?^ 
body into the lungs and lymph glands by currents of air and white ^y Mr. Horslcy. 
corpuscles, there is no reason why organisms should not enter the body 
hy the same route, and so the question must be left open.* That they 
enter in disease is of course well known, the function of the mucous 
membrane being impaired. 

The genital passages afford opposition to the entrance of organisms 
accordifig as the surfaces of mucous membrane are usually in contact or 
110^ and whether an intermittent outward stream of secretion exists. 
Thus in neither sex are organisms found at the proximal portion of the 
urethra, in which* tube since both of the above conditions exist, it is only 
when a clear path is afforded by dilatation of the canal by pus, &c., that 
organisms are found deeper than the meatus. Under these and other 
i'ircumstances the micrococci found in gonorrhceal discharge cannot be 
said with the present means of experiment to possess a specific property 
of exciting the inflammatory process in that case. 

The forms customarily present are those enumerated above as 
occorriDg in the first part of the alimentary canal. 

The presence of organisms in other external cavities and hollows, 
>uch as the auditory canal, navel, &c., varies of course with individual 
deaniiness and are identical with those found elsewhere on the skin 
^d in the mouth. 

So far the relation of these fungi to the exterior of the body is 
perfectly clear, but it brings us on to the next extremely important 
question : Do they penetrate into the interstices of the tissues ? 
Unless we accept the possibility of their spontaneous evolution! 
^om protoplasmic particles of the corpuscles, glandular or otherwise, 
Already present in the body, the conclusion is inevitable that at least 
in pathological states they do enter the system by the alimentary canal, 
and then by the lymphatic system proceed to rest in the cell spaces, 
«iod posibly in the cells themselves. Particular stress is laid upon their 
futry hy the above-mentioned route, since ** purified bacteria " have been 
frequently injected| into the blood-stream, &c., in healthy animals, and 
no trace of them found at the end of 24 hours, moreover while organisms 
taaily develope in other tissues, they do so with extreme difficulty in 
^iie blood, § also vide infra, p. 246. But we have yet direct experiment 
i^ring on this point, viz., the injection of organisms into the blood- 
'ttream of an animal, a portion of whose body is the seat of necrobiotic 
^iiaDge.H Here the organisms undoubtedly leave the blood-stream and 
penetrate into the centre of the dying tissue, which forthwith undergoes 
pntre£ax5tion. (Note, the mixture injected contained decomposing albu- 
niinoids as well as fungi, but that of course only bears import on the 
question of decomposition and not that of the penetration by organisms.) 
On these lines the now frequently observed occurrence of organisms 
ill acute internal inflammatory foci^ is at once accounted for; the 
«^]nence of events being probably, first the depression of the animal's 
system by faulty hygiene, Ac., leading to general impairment of vitality 
tisd consequent easy invasion by vegetable organisms. The latter 
•^ntence implies that there is a struggle between the growth of the 
foreign organism and the vitality of the tissue, with the assumption 
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JLPP. B. No. 4. that the result is in fi&vour of the tissue under circumstances of so-calliti 
Ou"8^tic health. One impoiiant fact,* if confirmed, would tend at once to prov« 

Baotena" and , this proposition. In the case in question fowls (which ordinarilj re»< 
cafRelatiSMT*" ^^® inoculation of splenic fever poison) were placed in cold water vM 
by Mr. Horeley. thus their vital activity depressed, under these circumstances tbc»^- 

which were previously inoculated exhibited the symptoms of spleou 
fever poisoning. As a crucial test it was found possible by warming !•• 
restore the animal to its previous state of health. Before further con£i- 
mation, too much must not be drawn from the experiment, but tb« 
generid law it seenis io prove is a reasonable deduction from man; 
other different researches. 

But the view of this question to which most attention has bte^> 
turned is the existence of organisms or their antecedents in the mesbt^- 
of the tissues of animals supposed to be healthy, and whether the peS''- 
tration by fungi goes on during favourable circumstances just as we hHv< 
seen it to occur in all probability under adverse conditions. To deci<i* 
the point observers! have employed the method of removing and pn- 
serving organs and tissues under proper precautions. The result^ ht' 
unanimous in the fact that provided a temperature of about 20^ C. be D<'t 
reached the tissues remain unaltered, but (with some exceptions^) vbn 
incubated under &vourable conditions, e.g., absence of disinfectants &<:., 
organisms appear in a few hours, and that there is a definite order ii 
readiness of appearance of the organisms in the tissues as follow >. 
pancreas, liver, kidney, muscle. Probably the variance of results Ii< 
more in the animals employed than on other conditions, since it is cc:.- 
ceivable that, in animals kept under as perfect hygienic conditioDs «- 
possible, the tissues would exhibit few if any fungus forms, and were th 
method to be applied to the investigation of human tissues, especial; 
muscle, that they would be found free, a result due doubtless to the prat^'tir 
of cooking and cleaning the articles of diet. Where these conditioos :u 
not observed we have found discharge putrefying even under anti^p'i* 
treatment, and the direct experiment of exciting an osteo-myelitis ia • - 
animal constantly fed on putrid material, with the result of catisioL' *< 
septic change in the inflammatory progi*ess§ goes far to establish tbs 
above position. 

Now that we have seen the possible illations of organisms to tli 
parenchyma of the body and their probable admission per the )nD[ 
system, the conditions respecting their existence in the blood-stream m 
of so peculiar a nature as to warrant a separate study. With except i«'i 
due to race characteristics <&c.|| it may be said that the blood-stream 
an extremely unfavourable nidus for any organism, and consequenih 
although we have seen the animal system is everywhere surrounded I 
these parasites, it is extremely rare to discover them in the blooil, a &< 
borne out by the unanimous results of those who have investigaJt* 
the question of their existence in the body during <• health," and \i 
direct experiment on the properties of fresh living blood. IT Supposir 
the latest experiments,^ which throw great doubt on the conclasiou tb 
some organisms flourish in vacuo** to be completely confirmed, tlie can 
of this resistant property of the blood is readily explained if no orgaiii'* 
is able to dissociate the oxyhaemoglobic connexion in the state of tii 
health. 

At any rate, whatever the explanation be, the importance (especial 
clinically) of the fact remains unaltered, and may be formulated as t' 
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'lictam that eturing health no vegetable organisms are found in the att. B. No. 4. 
Ut)od, While accepting this conclusion we must not lose sight of the ^ ^gTT'. 
nctiVe particles which by aggregation compose the Schultze and Osier BacteHa^'ond 
raajssea and the nature and connexion of which are as yet indeterminate. Jjf b^S?8*^ 
Tbe whole of the foregoing description of the distribution of the by Mr. Honley. 
micro-organisms is introduced to clear the ground for the subsequent 
(Jiiicassion of their occurrence in certain diseases where they appear to 
[lossess a causatiTe importance, a question which we may now take up. 

II.— PfiESJeKCE of Mioeo-Oboanisms in the Septic Diseases known 
as Ptjemia, Septicemia, and Saprjemia, Erysipelas, Puerperal 
Fever, Acute Necrosis, ULCERATrvE Endocarditis, Infective 
Myositis. 

la attempting to analyse the vast number of observations made on 
this point, the conditions which decide the value of such researches must 
f^ first taken into account before we discuss the relations of each in- 
dividual disease. In sifting the evidence brought before us we find that 
tour methods have been employed to determine the presence of organisms 
in the above diseases. These are : — 

(1.) Microscopical investigation with or without the aid of reagents, 
cg,y ether, potash, &€. 

(2.) Microscopical investigation, with the aid of staining reagents and 
methods of clearing sections of tissues. 

(3.) Cultivation of original fluids, e.g., pyaemic pus, &c., in suitable 
mtnlia, e.g., Pasteur's fluid, meat infusion, gelatine, &c. 

(1.) Inoculation of animals (a) by original fluid, and also (b) by 
caltivation fluids^ with investigation of organisms found after death in 
tiie animals experimented on. 

The most trustworthy of these methods obviously are 1, 2, and 4 (a), 
infortunately, however, it is only comparatively recently that the 
^Veigert-Koch method of clearing tissues, &c. has been brought inta 
r.otice, so that observations previous to the last decade, or even later, are 
«'f but relative value. Moreover, cultivation offers many loopholes for 
I he accidental introduction of other organisms and poisons, rendering the 
iliiid method of investigation open to question. (The most approved 
lethods are described at pages 272-3.) 

The most complete method, viz., that of observing the exact appear- 
•iiice of the organisms found in the original case, then inoculating some 
r the fluid into a lower animal, and still finding to all appearances 
'^ctly the samo organised parasite, coupled with similar symptoms, 
^ii< been thoroughly carried out by but few experim^iters. Where, 
■lo^vever, this line has been followed, there is a considenible mass of 
tvideuce now collected, showing that the most acute scptica^miie are 
iccompauied by the development of rod-shaped orgiiuisms, while 
Oa^mia, erysipelas, and puerperal fever, the more chronic septiciemiae 
'iti connected with the presence of a coccus form. But the mere fact 
"f constantly finding a vegetable organism in connexion with an acute 
tfcbrile condition, really carries us but a short distance towards discover- 
''ig the cause of the affection, since they may have arisen locally in 
^consequence of a primary depression of the vital activity of the bodies 
' ''ific sup,\ and it is a well -established fact that the bodies of animals 
ivilled by the chemical septic poison, undergo decomposition with 
^-'xtreme rapidity, and in an extraordinarily short time alter death are 
^ound to be swarming with organisms while none were to be found during 
Jit'e, and very shortly before the fatal termination of the cases.* Under 

♦ 18, 59,65, 80, &c. 
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^^' ?1?°' ** B^t before leaving this subject notice must be taken of the notion (ba>f'<l 
On "Septic on a preconceived theory of the nature of micro-orffanisms) that ii i> 
Sieir Phystologi- possible to alter the function of an organism by placing it under stranjr'- 
cai Relations ; circumstances,* and this is said to have been done, not only for th- 
)j r, ors cy. gQ.gj^j|^ schizo-mycetes, but also for the hypho-mycetds. As regards 

the latter group, it was soon shownf that the inferences drawn from oii»' 
series of experiments were founded on data of insufficient extent^ sin 1 
that the resistance of the subjects experimented upon was the cau^e <»t 
the vegetable fed fungus not always being a fatal ** poison/* 

But the experiments on the lower fungi J attracted more attentinii 
and consisted in making numerous successive cultivations of haciilj> 
anthracis in different fluids until the inoculations no longer prodnoeil 
splenic fever ; and then the crucial experiment was attempted, viz., th". 
of gixjwing a (supposed) ** harmless " form of organism bacillus svhtilh 
Cohn, (of hay infusion) in albuminous liquids, such as blood, A:*-- 
Obviously such a method is exceedingly untrustworthy, as every chaDS 
of cultivation soil implies a possible error, and even imsterslised blood tvj- 
employed to make the hay bacillus savage (verwildern) as the autb«»T 
fancifully expressed it. Moreover, inconstant results were obtained in 
inoculating these ''altered bacilli" and from the desoriptiou given it 
would seem that the animals died of the ordinary experimental &<"pti- 
caemia in which bacilli were of course found in the blood and organs. 

While we see that no metamorphosis of one kind into another can i- 
considered as at all borne out by the work at present done on the p<nnt, 
it brings us back to the heading of the paragraph with a firmer belief in 
an actual difference between the kinds of organisms enumerated on pa;:-^- 
242-3 ; and another fact leads us to the same conclusion, viz., the inal>iir;> 
of two organisms to flourish equally well in the same fluid, and again. 
the results of inoculations practised on potatoes (boiled) as a caltivftti« 
soil. In the latter case each organism is strictly confined to its ow:: 
territory, and does not mix with its neighbours, showing that the vir-^ 
phenomena are different in each kind. The question, therefore, «»* 
difference of function is at present a matter of inference, and await* 
further investigation. 

In concluding this sketch of the unsatisfactory state of this qap^tic'-.. 
reference must be made to the mode of entry of the septic poison in tlu 
above-mentioned diseases. Apart from the obvious loop-holes in lU 
shape of wounds on the exterior of the body, there remains the possil>l' 
absorption of poison by '< healthy '* mucous membranes, and further, th- 
mode of conveyance of contagium. As far as the chemical septic poiso!- 
goes, we know it can be absorbed by healthy mucous membranes, b-t 
the penetration by parasites is referred to on p. 245, and requires fuithf r 
research. The mode of conveyance is jnost commonly the hands an- 
integuments, and more rarely the atmosphere, of which many posiri\ • 
instances are recorded. Flies have been shown to convey the poi^jon ci 
acute experimental septicfl2mia.§ 

III. — ^LlFE HiSTORT OF ** SePTIC BaCTERIA." 

(or.) Struchtre. 

The structural plan of all the organisms enumerated on pages 242-r» *• 
simple, consisting merely of a protoplasmic body with a cellule*' 
envelope or skin. 

♦ 42, 97. I 42. 
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Protoplasmic Body. — ^The protoplasm forming the central mass App.B.No.4. 
presents the ordinary finely granular or ground glass appearance of Qn^septte 
elementary protoplasm, and in some kinds show numerous highly re« Bactertft" and 
fracting granules and droplets of a fatty nature. Sl^adSffi?^ 

The protoplasm is readily stained with the aniline dyes, and in some *»y **'• Howley. 
kinds (coccus form) is stained by other vegetable dyes, e.g,y logwood, 

Cellulose Envelope. — This is seen in unstained specimens as a sharp, 
well-defined dark line, surrounding the organism, and so giving the latter 
the appearance of having a double contour. This sharp outline is most 
characteristic, and serves as a means of instant detection of organisms 
when mixed among structures similar in appearance. It stains readily 
^vith iodine, and turns blue on the addition of diluted sulphuric acid. 
Farther, it is insoluble in alkalies and acids unless of considerable 
concentration, and also is insoluble in alcohol and ether. 

The protoplasm has been the subject of chemical analysis,* the main 
results of which, though necessarily imperfect, are as follows : The 
organisms were precipitated by adding hydrochloric acid up to 3 per 
coat., and boiling for a few minutes, when they fell as a white fiocculent 
precipitate. The mass of organisms was then collected, washed, and 
extracted with alcohol and ether. 

Fat, — From the latter a fatty compound was obtained to the amount 
of about 6 per cent, of whole mass. Its percentage composition gave 72 
[)er cent. C. and 11 '73 per cent. H. 

Albumin, — ^An albumin termed mycoprotein was obtained by the 
prolonged action of caustic potush on the mass. Mycoprotein is soluble 
in the alkaline fluid and precipitated from that solution by hydrochloric 
ucid and falling as a white amorphous fiocculent precipitate. The esti- 
mated proportions were C. 52, H. 7, N. 14, no sulphur, ITie original 
mass of organisms contained about 50 per cent, of mycoprotein. 

Mycoprotein as an acid albuminf has been further investigated; 
"9 grammes of it gave 8*7 grammes ash free substance" (Schaffer). 
Heated with KHO, there were developed ammonias and amylamin, 
while the cooled residue when distilled with dilute HgSO^ gave skatol, 
hydrocyanic acid, and hydric nitrite. Afterwards indol appeared after 
^etherisation, and later phenol to the extent of 15 per cent, of the 
weight of unaltered mycoprotein, and valerianic acid to the extent of 38 
per cent. From the potash residue leucine was obtained. 

The cell membrane is of course insoluble in dilute alkali, and like that 
covering the yeast cell, contains nitrogen. 

So far as has been determined, the zoogloea substance is an albuminoid. 

Additional points in their structure are the following : 

1. The coccus elements, which are collected in the form of a chain, 
Jire kept in this arrangement in spite of currents in the fluid in which 
they are Immersed. Although deep staining only sometimes shows a 
slightly coloured substance, there can be no doubt of the existence of a 
ground substance uniting them, a ground substance of the same nature 
as that uniting individual forms into zoogloea masses, vide infr, 

2. The further investigation of the active movements of some organ- 
isms when in a good medium resulted in the description of a cilium or 
ftagellum attached to some rod and spiral forms in the same longitudinal 
axis. This cilium was about of equal length to the rest of the rods. 

3. PigmentJ — Both coccus and bacterium forms may be pigmented, 
and the colours that have as yet been described are red, yellow, orange, 

* 186, 182. t 244. 
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Afp.B.No.ii green, blae, violet, brown, peach ooloar. Of these the firattwoare 
On "Septic insoluble in water. As regards the first three, it is probable that the 
^«*oto".*^^ second and third are varieties of the first, since all the colours, like 
oafEeia^nin ' Other vegetable dyes, show considerable alteration according to the 
by Mr, Horstey* reaction of the fluid in which they are contained. Thus red remains of 

a carmine tint in acid solutions, but changes to yellow on the addition of 
ammonia. As regards their solubility they may be dassiBed as follows : 
(1.) Soluble in water : red (very slightly), yellow, green, blue, violet, 
brown, peach colour. (2.) Insoluble in water: red for the most part 

Of special reactions are to be noted the change of blue to red by acid> 
(cf. litmus), and to violet by ammonia.* 

The spectroscopic examination! of the pigments requires to be farther 
extended. 

(b,) Modes of Development and Reproduction. 

Either by fission or by spores. As far as is yet known, the coccus 
forms multiply by fission only, but some kinds of bacillus r^yrodnce 
themselves by longitudinal extension into filaments, in tho interior of 
which spores subsequently develope. 

1. Fission, — ^The rod forms split transversely to their long axis, the 
protoplasm dividing, and then around each new extremity thus formed 
the cellulose envelope is continued. The two new elements thus formed, 
however, are often united (just as the coccus forms may bo), by aa in- 
visible ground substance, so as to form chains of two or many more rod5. 

The fission of the coccus forms presents at least this difference, that 
the division may take place in any direction, but usually continues in the 
same line, so as to form the chain above mentioned. Sometimes, how- 
ever, the splitting proceeds in two directions, and thus groups of four 
(sareina form), or even more have been described. 

The Time which organisms are said to occupy in the course of 
division has been difierently stated by authors who have continuouslj 
observed different forms, the estimates varying from 10 minutes to 
half an hour, varying no doubt with the temperatures, &c. A single 
rod, therefore, has been computed to produce 16,377,230 of its kind m 
24 hours. 

2. Reproduction by Spores, — The existence of spores was surmiaed^ 
before the actual demonstration of them. So far as our present 
information goes this method of multiplication is confined to some rod 
forms (baciUi) and takes place as follows : The rod grows longitudinidly 
into a long wavy filament (leptothrix form, fig. 7), and, as growth 
proceeds, small oval aggregations of protoplasm are observed forauDg at 
intervals in its interior. Continuous investigation shows that these 
particles or Spores as we should now call them become free and undergo 
a further cycle of changes. But spores (brilliant points) have also been 
observed in rods also which have not elongated into filaments. Under 
these circumstances the rod is observed to be broader than in the free 
non-spore-bearing condition.§ At present it seems that one spore 
corresponds to one adult rod, both in its virgin and subsequent develop- 
ment, thus differing from some algcs in which two spores are found in 
one cell. Thus the spore consisting of an oval mass of protophi^m 
surrounded by cellulose (which exhibits powerful resistance to the action 
of heat reagents, &c.) when placed under favourable circumstances com- 
mences to grow at one end, and by continuous increment lengthens out 
into an adult rod of the average length and breadth. The intermediste 

* 796. I 57. 
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stages of this process probably gave rise to their being described as app.B.No.4. 
peculiar bacteria^ helobacteria, kopfbakterien, &c., and are ilinstrated on"8eptio 

inlig. 8. Bacteria" and 

3. Zoogloea, — J^j continued multiplication most of the organisms in SfKehSSnir* 
the foregoing description form agglomerated masses termed Zoogloeo, by Mr. Honiey. 
which consist merely of nomerous adult forms united by an albuminous 
ground substance. See Fig. 2. 

(c.) AdiUt /i/e, including (1) chemical changes; (2) physical changes. 
(1.) Chemical changes, (a) gaseous; (/3) solid. 

(a) The lowest organisms have gas interchanges similar to those 
of the mycetes next above them, that is, they require and absorb oxygen 
and give out carbonic acid.* A beautiful experiment showing the truth 
of tlus law was accidentally made as follows :t Bacteria were accidentally 
obfi^rved in a solution also containing the chlorophyll-holding infusorian 
the euglena yiridis. On exposing the preparation to the light, the 
bacteria were observed in active movement^ ^. in the neighbourhood 
of each infusorian, while in the empty spaces of the microscope field, 
where of course the proportion of oxygen was much less, there they were 
lees active, and by darkening the field were brought to rest. 

A few years back it was considered as certain]: that these organisms 
might physiologically be divided into two great classes, the aerobian 
and anaerobian, those which flourish in the presence of free oxygen and 
those to which that gas (when free) is an obstacle in the way of their 
development. Later researches§ (referred to above) throw doubt on 
this conclusioii, and tend to preserve the universal truth of the principle 
(allowed for the majority of forms) that for their active growth the 
presence of free oxygen is necessary. The immense importance of this 
point renders it most desirable that a definite conclusion should be 
attained since it lies at the foundation of an accurate explanation of the 
mycotic process, see page 245. Whatever unfortunate doubt still exists 
^ r^rds the universal application of the law above stated, at least it 
is well established that oxygen is necessary for the maintenance of the 
putrefactive fermentations, in which variety of the septic changes we are 
most interested. 

Considerable attention was attracted at one time by experimenti»{| 
attempting to show that compressed oxygen had a powerful effect in 
checking the development of these organisms and even abolishing the 
poisonous property of anthrax fluids (blood, <&c.). It is perfectly com- 
prehensible that very great excess of any reagent would have a deterrent 
i^ect on the lower fungi, but the experiments referred to were based 
on an incomplete knowledge of their development — more especially of 
the bacillus authracis — and have since been shownlT to be of no value. 

But little is known of their behaviour towards other gnses, but a 
^irly complete study has been made of their growth under different 
kinds.** Thus in all cases oxygen, whether present as such or in air, 
whether burnt or impure, favoured their developni<^nt, which on the 
othei' hand was prevented when the necessary cultivative material 
(muscle) was kept in an atmosphere of either nitrogen, hydrogen, 
carbonic oxide, carbonic acid, nitric oxide, or coal gas. While the 
mtroduction of oxygen was always followed by a rapid growth of 
organisms. The same point is illustrated in the ammoniacal decom- 
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Arp.B.No.i. position of the blood which has been shown to be impossible in the 
On " s^c absence of oxygen.* 
Bacteria ** and (j8.) This Subject is treated of under the head of " Stractare.*^ 

their PhyBiolop- 
c&I Relations ; 

bvMr.Horsiey. (^2) Physical changes, (a) heat? (^) light; (7) electricity. 

(a) Heat. — Of all forms of energy produced by or necessary to the 
life of these organisms heat is the most important, and the first questioo 
on which so much has been based is this: — "Within what ranges 
" of temperature can these organisms live, and what temperature i^ 
'< most favourable to their active development and multiplicatiou ? " 
Banning then with the lowest temperatures, the answer seeras to be 
that no degree of cold attainable by present means can exert a fatal 
influence on these fungi, since the bacillus anthracis has been subjected 
by means of solid C 0^ and ether to a temperature of — 140° C.f without 
any influence on its vital properties. 

The next point, what is the (moderate) temperature at which \hf 
organism flourishes best, is found to vary with the kind of organism. 
Experiments of this kind are necessarily rough, but a considerable 
difiPerence has been shown to exist with regard to different ** tribes." 
Thus the coccus and bacterium forms diminish in activity as soon &- 
their surrounding temperature rises above 40° C, while the bacilla-j 
subtilis will flourish most actively at 43® C. to 45° C.J 

As regards the low point of favourable temperatures, most of the 
organisms become stationary at about 10° C. (but the multiplication do& 
not probably actually cease till 5° C. (bacterium tenno 5 "5° C.§) and 
again the bacillus forms are the first to show activity, the bacillu> 
anthracis thriving fairly enough at 20° C. 

But now we enter upon the most difficult point of all, viz., the death 
point of the adult forms. TVith our present information this problem Is 
still unsolved, since continuous observations of each kind of organism 
and its spore form, when subject to gradual elevation of temperature, aiv 
wanting. Both adult and spoi^e forms difler as to their death point ac- 
cording to the media in which they are contained. That is, if they are 
in watery solutions, they all enter into heat rigor below 1 10° G.[| While 
dried they may sustain a temperature up to 135° C These high point': 
refer solely to the spores of bacilli and more especially bacillus subtilis, 
it being impossible in the absence of data to give a table of every form. 
But the (lower) coccus and bacterium forms perish at lower degrees of 
heat; thus, bacteria termo is killed by prolonged heating (14 hours) at a 
temperature of 45° C. in a watery solution. 

In generalising these — 
Adult coccus and bacterium forms are killed at about 45^ C. 

„ „ bacilli „ „ „ 50° C. 

Spores - - - M >» »» 140° C. when dry. 

As 80on as each organism can be definitely recognised a temperature 
range should be worked out for every form, and thus the question of 
abiogenesis approached with some surer basis. 

(j8) Light. — The influence of light on the growth of these organisms 
is, if anything, unfavourable, one series of experiments^ showing this 
apparently conclusively, and while it cannot be shown to exert a very 
powerful effect, still it is quite unnecessary to their growth which pro- 
ceeds perfectly well in the dark. 
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(y) Electfieity, — ^The little attention that has been drawn to this Apf.b.No.4. 
point has resalted only in showing that the supposed* inhibitory effects q„ «gZ|^ 
of the battery current on the active growth of organisms is due to the BacterU^and 
electrolytic destruction of the nutrient fluid containing them ; in which Sf rSSioim?^' 
a strongly acid reaction developed around the positive pole, with death ^y ^r* Horsier, 
of the organism in its neighbourhood, while the negative pole was sur- 
rounded by alkaline fluid, in which the activity of the organisms 
was much abrogated, but not entirelyf abolished. The same fact was 
exemplifled by employing potatoes as the cnltivative soil.f 

JVla^netism has not yet been investigated in relation to this branch of 
organic life. 

((/) Habitat f under (a) Normal and (j9) Abnormal Conditions. 

a. This question has necessarily been pretty completely described in 
the introduction, but some supplementary remarks may be of value, 
<^^pecially with reference to the animal system, some details with regarcl 
TO which could not be discussed under general principles. As regards 
the world external to the system, the "universal" distribution of 
organisms was referred to, and now, by the term normal condition, we 
mean that where rest, warmth (30° — 40° C), and nutrient pabula exist, 
there organisms will dev'elope, provided there is free exposure to the 
air ; the importance of rest is shown b]^ the fact that motion prevents 
the development of organisms.^ With reference now to the animal 
system, and we need only refer to the higher mammals, the state- 
ment was made that a general distribution of vegetable organisms 
throughout the body signified constitutional disturbance. Against this 
may be adduced the fact of organisms (" sarcinoid ") being found in 
human blood of persons apparently in health, § and much higher 
organisms frequently present in the blood of mammah, such as the rats, 
while seemingly robust (the rats are all foul feeders). Supposing the 
subjects of observation to be in good health (to all appearances), the 
condition of constitutional disturbance in cases of simple mechanical 
mjcosis depends on the mass of organism infesting the system. The 
organisms described have not been shown to possess any specific pro- 
perty, and at the same time they are but few in number. With reference 
farther to the " sarcinoid " organism described in the blood, it should 
i)e understood that the method employed wad that of direct observation 
and cultivation, and next that the fine bright particles frequently 
observed in the blood, and probably derived from the ** molecular basis" 
of the chyle have often been seen in groups of two, three, four, and five, 
giving the appearance of sarcinoid cocci. Under these circumstances, 
nnd considering the vast number of observations which have been made 
on the blood of " healthy " people, the truth of the law expressed on 
p. 247 must be held as unshaken. 

i?. As regards abnormal conditions, see pages 257, et seq. 

(e.) Influence or Action on Tissue Elements, dead or living. 

The active influence of organisms on diflerent substances is, so far as 
we know, simply that of destruction and assimilation by the organism of 
those products capable of affording it the elements necessary for its 
growth and multiplication. As will be seen, the compounds which they 
are able thus to split up are of comparatively weak chemical afiinity, so 
that their resolution into their constituent elements can be effected with- 
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App.B.No.4. out great display of energy by tbe katalytic substance. Tbos the 
On"S^^c question of tbeir influence on different compounds resolves itself into tlie 
Bacteria" wj<J . simpler question of tbeir food-supply. Before tabulating tbese lower 
cafSeliSiS^ compounds, reference sbould be made to tbe higher; these had best 
by Mr. Horsi«y. i^ Considered under each of tbe classes of the complicated sabstaoces. 

(1.) Dead Tissues, including — 
(a) Inorganic substances. 

{a. Fats. 
jS. Albuminoids. 
7. Carbohydrates. 
Note. — Only those substances in relation to which they are most 
commonly found are mentioned. 



(a) Inorganic Substances. 

Of inorganic substances we know that they require H, N, O, for the 
composition of their protoplasm and cellulose. 

Reaction of Fluid, — ^It is in the course of their metabolism that a 
change is effected in the reaction of the fluid in which they are contained. 
Thus an acid fluid becomes alkaline. Further, it is ^und that acid 
liquids are on the whole unfavourable to the growth of organisms, and 
alkaline ones favourable to the sume. Organisms are said to be able to 
accommodate themselves to the reaction of the fluid into which they are 
plunged ;* and perhaps this is true within narrow limits. 

Although many of the substances are described below as being split 
up, &c., it is not intended to be understood that the organisms have been 
pfiOYED to be the causative agents of this katalysis, but that such decom- 
position is an accompaniment of their life. — Vtcte Resum6, p. 269. 

Ammonias are split up, and the nitrogen employed in building up 
the protoplasm ; ** bacteria," are also said to be the causes of nitrifica- 
tion.! In the residue of Cohn's fluid after growth in it of organismci 
there is found the ordinary triple phosphate. 

Nitrates are converted into nitrites during growth of organisms.} 

Sulphates, — Beyond being found in close connexion with phosphom^ 
in albuminoid liquids, the part these play is unknown. It was once 
thought a sulphate of phosphorus was formed with poisonous properties. 

Phosphates have for some time been noticed to be present in quantity 
where substances are undergoing active decomposition, but attention has 
been more attracted in this direction lately, and the phosphorus given 
a more important rSle in the katalytic process. § In ordinary substances 
the phosphorus is present as phosphate. Tne importance of this as 
regards the growth of organisms is shown by the simple experiment of 
using urea solution as a cultivating fluid. Used pure without phos- 
phate, urea is extremely unfavourable, but on the addition of a small 
quantity of phosphate (lime) is rapidly split up, vide infra. In any case 
the earthy phosphates, and especially phosphate of lime, seem to be almost 
indispensable to the septic decomposition of albumiuoids. No phosphites, 
nor hypo-phosphites, ai*e found, so that the action of phosphorus salts, 
though obviously important, is not easily explicable. 



{0) Organic Substances. 

(a) Fats, — The ordinary fats become rancid, «.c., fatty acids are 
developed by the splitting of the original compound. But most 
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attention bus been directed to tbo supposed action of organisms on the app. b. Xo. u 
f&tty batjric acid especially as a bntjrate. Coupled with the kataljtic on** Septic 
4ie$tn]ction of this substance is the presence of a bacillus, which has ^jJfSJy' "?** .. 
been therefore stated to be the necessary ferment.* The products of caf BeUnoniiT^ 
ileeomposition are variabley including hydrogen and carbonic acid. **^ ^'* Horaiey. 

(fi) Albuminoids, — The actual induenco of organisms on dead 
?iIb(uninoid substances, just as in the other chemical questions of their 
iife, rests on coincidence rather than absolute proof. Such coincidence 
goes to show that albumin splits into glycocoll, gases HgO) 002, l^ucin, 
tyrnsin, fatty acids, butyric and acetic, indol, skatol, phenol, creasote, 
phenyl-propionate, and acetate, and of these that leucin again undei* the 
Fame circumstances {t.g^ fluid swarming with bacterium termo) divides 
into ammonia and oxycapronic acid, and glycocoU into ammonia and 
bjdro-carbonic acid. Thus we see Uiat the destruction of albumin in 
tbe process of fermentation (septic change) is exactly similar to that 
effected by hydrate of potash. 

The destruction of albuminoids after deathf must here be considered 
aa in relation with their possible change by "organized ferments." 
Fr(Hn three to five hours post-mortem, volatile fatty acids ranging from 
capronic to acetic appear. Lactic acid, to which the acid reaction of dead 
tissues is due, is derived from the glycogen present. As further decom- 
position occurs the lactic acid disappears, and in its place is found 
soceinic, while this again is masked by tbe alkalinity of the tissue 
ensuing as a result of the development of ammonias. 

(7) Carbohydrates. — The metamorphosis and destruction of carbo« 
hydrates is probably an hydration process, since it can be imitated by 
the simple action of superheated steam. But tbe simplicity of this 
chemical operation renders it only necessary to refer here to the meta- 
morphosis of lactose into lactic acid. In this particular case there 
is always present one form of organism (bacterium lactis^) which has 
been considered to commence the process, if not to carry it on. 

A wider discussion of the process of decomposition in the substances 
enumerated is to be found in the ordinary text-books and papers referred 
to, but cannot be entered into here, as fermentation is not absolutely 
proved to be the direct result of the organism's life. 

2. Action on Living Tissues^ including (a.) Modes of Growth in^ 

(A.) Changes produced in» 

(ff.) Modes of growth of organisms in tissues are obviously 
rpgnlated by the lines of least resistance. Tbe eivsiest method of 
observing this phenomenon in tbe connective- tissues is that of in- 
ocnbiting diiferent kinds of organisms on tbe cornea, tbe transparency of 
which admits of the gi'owth being watched for a considerable time. As 
may be readily conceived, tbey spread along tbe lymph (cell) spaces, 
giving rise to disorganization of the corneal structure, and in the case of 
micrococci showing as yellow-brown opaque projections§ at tbe border 
of the ulcerated surface. Many forms have been thus experimented 
with and similar results obtained, but most frequently micrococci, 
of which that found in diphtheritic membranes, tbe so-called micrococcus 
jliptericus, is accompanied by a fibrinous membrane covemg tbe surface 
of the corneal ulcer|| or mucous membrane if planted there. The same 
mode of growth is observed in cases of local infective inflammations, 
such as ordinary erysipelas, where along the spreading edge micrococci 
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AFp.B. No.4. ore seea invading the lymphatics and lymph spaces of the connective- 
On"Septto tiasues.* This coincidence does not, however, prove that tJiey ad a* 

Bact€Tn"«id , the cauBO of the hypersemia swelling and pain at the spreading border; 
raiReiSons^' » question discnssed below. Further, in injections of organisms into 
hy 3Ir. Honley. the peritoneal cavity, they rapidly find their waj into the lymph vesseU 

of the diaphragm and other lymphatics, so passing into die lymphatle 
duct from which they gain access to the venous circulatioQ. This ront« 
has been proved experimentally by the simple expedient of placiug a 
temporary ligature on the duct just as it jcnns the subclavian vein, and 
observing that until the moment of release of the ligature no organigm 
was to be found in the blood-stream. 

Thus far their growth in connective-tissue has been thoroughly 
studied. The behaviour of organisms in the blood vessels has been al^ 
studied both during and after life ; in the former case they are foond id 
the periphery of tibe blood stream where the current is more sluggibli, 
and frequently are seen adhering! to the walls of the vessels, sometimes 
at the bifurcation of arterioles and capillary junctions temporarily 
obstructing the stream. Although seen as in pail's or chains (if cocci) 
in the blood vessels, it is more than probable that thej do not form 
zooglaca masses during life,! ^^^ ^^^ their supposed action in bnngiog 
about embolism is a matter of doubt. It cannot, however, be denied 
that in some particular kinds, ^.p., bacillus anthracis, that in the larg^ 
quantity of organisms I'elatively to the calibre of the vessel (see fig. 15) 
we have an important interference with nutrition if only from the view 
of a mechanical mycosis ; thus this condition is to be compared with the 
mycotic process of the hyphomycetes, and as yet has only been indu- 
bitably shown to occur with rod forms of the lower fungi. 

The time occupied in spreading through the blood channels is of 
course exceedingly short compared to that occupied in traversing the 
lymph spaces, the difference being produced by the powerful agency d 
the swifter current. Reference may here be made to the existence of 
organisms in the white corpuscles, a fact more frequently obsen'e«J 
than understood, since, except in those instances where the corpuscles 
may be observed to be crammed with organisms (^g, 16), the inti-a- 
corpuscular existence of an organism has been held both to show tht* 
paralysed condition of the corpuscle and its easy mycosis, and, on the 
other hand, to indicate the power white corpuscles have of absorbing 
foreign bodies and thus acting as carriers of the virus from one point 
to another. Possibly a white corpuscle may perform its wandering 
functions provided only one or two organisms are in it, so that Ik)i1i 
ideas may be true. Coccus forms as well as rod forms have been 
observed in white corpuscles. § 

The growth of organisms in the various organs is found to be 
different, a condition probably due to the difference of structure only, 
offering a mechanical resistance to the escape of organisms from various 
regions. Thus the favourite position for organisms, viz., the meshes of 
the spleen, the malpighian glomeruli in the kidney, <&c., &c., are all 
spots where entry is easier than exit, and as is seen in the aspergilln> 
mycosis, &c., it is in these latter traps, as it were, that the organisms an* 
arrested and commence their virulent growth, from which it is probable 
that on the first introduction of organisms they are hurried into the 
capillaries where if the resisting power of the animal be insufficient they 
rest and grow into the larger vessels. This conception of their primarv 
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lodgment and secondary growth and rapid dinW«jn thro*]<:h'»at the at b n 
Ijodj is borne out by all we know conoemine the phciKitm-na of ,-» . ^TT 
multiplication of these organisms, one of the mo^t important c^»n•i!t:••^.^ k*-*.-; -. • 
l>eing rest^ since it has been shown that motion prevents thrir tle\rL»{>« ).^' A * . ' 
ment.* Probably this explains why in some acnte septi<atmi:e onratii^nis 'v Hr. u^t 
are foand in the comparatively stagnant flaid of the ^eroas memitnuies^ 
peritoneam, <&c., while thqr are apparently absent from the bLou<Lt 

The rapidity with which the tissues become extensively myco<e?l 
flifers both with the kind of organism and the tissue which is Invaded. 
Thus in the corneal disorganization it is a matter of days, in malignant 
(jedema and traamatic gangrene it is a question of hoars^ i*o that no rule 
can be laid down to indicate the time, since one or<raDi<>io ^^ill ditlVr in 
its ra£e of progress according to the structure it is invading, but we may 
make the broad generalisation (from the small number of oW^rfrrvatioiid at 
urn disposal), that the rod forms spread more quickly than the coccu>» 
forma. 

While on this topic the expression^ that then* is a con 'it ant stnigirl«» 
{ under normal conditions) between the protoplaism of tli« uuiuial Ixnly 
and that of the lower fungi constantly brought to it in the ft»cHl, brings 
onder notice another condition which rejrnlates the *;rowth of orirnnisms 
in the tiiSsnesy and that is the varying resistance to such growth by the 
aaimal according to the state of nutrition in which its protopla:«m 
liappens to be. 

Again, organisms differ exceedingly as to their p^'uetration of the 
bloodvessels or not; thus in inoculations of a double character § on 
wounded surfaces, e.g.^ the ear, it is found tliat microco<.ci, while 
exerting a powerful topical action on the tissues, have little or no 
tendency to enter the blood-stream, while bacilli in a similar bit nation 
rapidly do so and become diffused throughout the body. 

Thus far we have considered the growth of organisms in tissues the 
natrition of which is supposed to be fairly normal, but there remains to 
be mentioned the growth of organisms in tissues in which by previous 
C'lposore to foreign agencies the parasitic fungus has to deal with dillVrcut 
circumstances. This subject has been studied with reference to the 
connective-tissues, as in shot wounds, walls of abscesses, &c.!| The 
(organisms (micrococci) are found in the lymph spaces of the tissue, 
having grown in from the surface of the granulatious. In this way 
they come to invade the walls of the blood vessels and the meshes of 
ligatares. By such invasion the vessel walls are weakened, nay, actually 
destroyed, fl and haemorrhage results, a not infrequent clinical obser- 
vation in septic wounds. The same practical point of course is to be 
considered in the case of catgut ligatures. The colonies of micrococci 
in the oldest recesses of the wound show the changes observed in 
artificial cultivation, viz., the aggregation into large masses and fusion 
into one yellowish-brown conglomeration.** 

Reference to the time occupied by different poisons in i^enetrating the 
&ur&ce of a wound is best made here, and the information is unfor- 
tunately limited in amount. The researches ft are quite recent, but only 
give the time during which it is possible for enough poison to penetrate 
in order that the symptoms may be obtained. It was found that the 
poison of splenic fever took more than an hour to penetrate a raw surface, 
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Apf. B.No.4. while sheep-pox infected in a few minutes. This interestiBg poiDt 
Ou " Septic requires further attention. 

Sacteria»" and , (d.) The problem of the growth of organisms in tissues is fairlj easy, 
SfB^SSous?^' since it can be put to experimental proof without much difficulty, bui 
by Mr. Hordey. the question as to the changes wrought by them is another thing alto- 
gether. Since in this second case we are dealing with cause and cfect, 
the post hoc, &c. fallacy renders the few direct observations opea to 
considerable doubt. Attempts have been made to explain or hypo- 
thecate the action of an organism in bringing about its supposed effects, 
and the experiments that are directed to this point consist in observing 
startling coincidences. Accepting a few instances in which the difiercnce 
between the usual order of things^ and that consequent on the introduc- 
tion of organisms was the method employed, the whole question, even then, 
would be discussed on insufficient data, provided reference was only to 
be made to a '' clean " organism. But since practically it makes llttU* 
difference whether the tissue changes are brought about by the organism 
itself or some agent that it ** carries on its back, as it were,"* we may 
study the changes in the tissues on this basis ; it being clearly under- 
stood that the effects described cannot be said (as yet) to be produced by 
the agency of an organism only. It will not be out of place here again 
to draw attention to the extremely small quantity of some unorganised 
ferments required to produce wide effects, and therefore, although we 
may appear to be introducing only an organism {e,g^ cultivated bacilli» 
anthracis), the possible introduction of an alkaloidal substance is to be 
kept in view. 

We shall consider, then, the changes brought about in the different 
tissues by the introduction of organisms both in cultivation fluids and 
original maceration fluids. In all cases the blood seems most profoundly 
altered, while the other tissues exhibit rather secondary effects, viz., 
inflammation, oedema, &c. To consider them categorically : 

Blood. — This is noticed post-mortem as being fluid (not coagulated)! 
tarry, and of a dark black-brown colour. The blood pigment being 
partly held in solution in the laky conditionof the blood just mentioned, 
it tends to stain all tissues it comes in contact with, e,g.^ endocardinm, 
and the lining membrane of the larger vessels, and in guinea-pigs tbe 
subjects of experimental septicasmia the well-known crystals of haemo- 
globin have been recognised as already formed. J 

Red Corpuscles, — In the minuter changes most attention has been 
drawn to the crenate and altered condition of the red corpuscles, but 
beyond this being an exaggeration of what occurs in every preparation 
of blood, there is nothing special in the condition, and certainly is not 
the general ill effect of the growth of an organism. 

But a noteworthy feature in splenic fever and also in cases of experi- 
mental septicaemia is the rapid collection of the blood corpuscles intt> 
^ islands "§ as against the formation of rouleaux. 

An advance of both these conditions has been noted in rabbits 
poisoned with putrid blood (probably a rod-shaped organism mycosb) in 
which the red corpuscles were totally broken up, only detritus re- 
mainingll 

White Corpuscles, — ^Leucocytosis^ has been freqaently observed in 
septic diseases, but this may depend, too, upon the coexistence of soppu- • 
ration. The penetration of white corpuscles by micro-organisms i^ 
referred to on p. 15. 
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Gases, — In experimental septicsmia the percentage of oxygen is App.b, No. 4. 
diminished to 19 in arterial blood, and a rather less diminution in the On» septic 
venous blood ; while in the latter tlie carbonic acid is considerably SeU^lSysioiii- 
increased.* caffielaSSiis; 

InfecHvity. — It ia necessary here to remark on the extreme infectivity 
of septicsBmic blood, »>., in experimental septicsemia. It has been 
frequently shown, first in a brilliant series of experimentsf that 

ij»n«.o tio^^ of a drop of blood was sufficient to cause death with certainty 
ia 24—48 hours. (The animals employed were rabbits, and even one 
billionth of a drop was often effective.) ITiis requires no further 
comment save that the blood in these cases always contains organisms. 
C'f. the lactic fermentation.]; 

Thus on the whole the appearance of the blood under the circum- 
stances of splenic fever and other septic poisons would favour the theory 
ofadeoxydation and consequent asphyxia brought about by the growth 
of the organism : one vj\i'iety of a biological mycosis. But the therapeutical 
application of this theory has not been successful as yet in the ad- 
ministration of oxygen to the poisoned animal. § 

The connective-tissues and internal organs undergo one or other 
of two processes, viz., the simple necrotic process and ordinary in- 
Hammation, and more especially oedema 11 and gangrene. To com* 
Qience with the latter, the inflammation which soon appears around 
the inoculated spot,, rapidly spreaids around the abdomen, making itself 
obvious by considerable swelling. Usually the animal dies before this 
condition has time to make itself general. On cutting into the oedematous 
bubcataneous connective-tissue it is found to be of a pule yellow gela- 
tinous i^pearance from the distension of the meshes with serous fluid, 
which is sometimes pink and bloody .1[ This is the re.<nlt obtained in 
experimenting with several of the bacilli, e.^., bacilli of malignant oedema 
^d bacillus antbracis. Besides fluid, gas often developes in the connec- 
tiye-tissue, and is found to be carbonic acid.** But again, commencing 
^^ith the inflammatory blush, this may extend but a short distance 
^d so form patches, the centre of which dies partly from the violence 
^>f the process and partly from the pressure exerted on the neighbouring 
b]ood vessels by the oedema fluid. Thus is formed a *' malignant " pustule 
which may be summed up as a combined inflammatory and necrobiotic 
process. In spreading traumatic gangrene this same process is carried 
^t on a broader plan, the inflamomtory blush, &c. spreading rapidly in 
^1 directions and followed by the death of the tissues. 

Experimentally the necrobiotic process consequent on the inoculation 
<>f micrococci has been more fully worked out in gangrene of the 
^bbifs earf f consequent on the growth of these organisms through the 
tissues and sbowing in the sections as filling the blood vessels. Tissues, 
t^ie seat of necrobiosis, present the ordinary gangrenous appearance, 
^' cold, dusky, with blebs appearing sometimes on the surface; but 
when this occurs as the breaking-down centre of an inflammatory focus, 
A dirty serum exudes from the centre. The changes around an infarct 
in a septic case, which are usually termed suppurative, are rather necro- 
biotic, and fatty degeneration is an extremely marked feature in the 
tissues in this condition.^ J 
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AFP. B. No. 4. Reference has been made above to the raised inflammatory edge of 
On "Septic ^^^ erysipelatous blush, and this point may now be further explaiDed 
Bacteria^nd ,^ ^g throwing light possibly on the action of organisms. It was stated on 
cai Relations; * p. 2o7 that micrococci had been found more especially in the advancing 
by Mr. Horsloy. border, and it has been found that serous fluid taken from this part and 

containing cocci, when inoculated into the skin of lower aninuds, pro- 
duced the same series of changes as seen in man, and the organisms, if 
cultivated and reinjected, again produced the same results. 

Note. — It will be observed that by this method, albuminous flaids, 
the seat of active change, were injected as well as the organisms. 

It is comparatively easy to explain necrobiosis as a result of locftl 
mycosis, since by invading the walls of the vessels and producing throm- 
bosis, tissue death inevitably results. And, besides, death may occur 
from mechanical compression of the vessels from the oDdema flui<l 
poured out beneath the semi-elastic skin, since the rapidity of the 
exudation is so great that the lymphatics cannot carry it off, and are 
in their turn similarly compressed. 

But as to the production of the phenomena of inflammation by 
organisms no theoretical explanation can be considered satisfactory, but 
what direct evidence there is may now be examined. 

The mode of experimentation* has been that of observing the mesen- 
tery or some convenient point of tbe circulation under circumstances 
admitting either of the study being conducted in pure air or in additioa 
when the membrane observed is exposed to the impact and action of 
micro-organisms and more especially micrococci. The same objection 
applies to these experiments as to those in which micro-organisms are 
introduced within the body, viz., that more than organisms are appHed to 
the surface investigated. But there are general deductions obtaine^i 
from clinical observation confirming the general law that micro-organisms 
act as irritants to naked tissues, and therefore keep up an inflammatorj 
process wherever they lodge, and thus, if not necessarily of causative 
importance in such diseases as diphtheria, no -doubt by their presence 
possess a secondary influence in fanning the inflammatory mischief. 

The changes in the larger glandular organs observed in connexion 
with (supposed) saprgphytic diseases are briefly those of cloudy 
swelling,! and the change is most mai^ked in the spleen, then the liver, 
and the kidney ; the protoplasm of the corpuscles becomes finely granular, 
and provided the affection be of suflScient duration, fatty degeneration 
completes its destruction. The fatty degeneration coupled with necro- 
biosis is described above. The liver in experimental septicaemia still 
performs its glycogenic function. J 

The spleen is invariably swollen, sometimes of a pink-grey colour and 
often of a dark maroon tint, which is always extremely sot^^ and if the 
autopsy is delayed it rapidly becomes difiiuent. This condition of spleen 
is of course not solely the accompaniment of septicaemia. § 

Mention may here be made o£ the hsBnoon-hages so constantly found 
throughout the body in cases of septicaemia, whether its origin be the 
supposed mycosis or the chemical poison. 

IV. — Septic Intoxication, 

Although in the introduction to this Report sapreemia was placed first 
in the list of kinds of blood-poisoning or septicaemia, it has been found 
more convenient to defer its study until more general information on the 
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phenomena attendant on the life of the *' septic bacteria" had been app.b.No.4. 
collected. Moreover, its importance ia dependent on the decision that we on"8«ptic 
jihould come to as to the part played by organisms in the septic process. BMterw." and 
Bnt this question was discussed fully on page 249, therefore need not be SiRSSona?^ 
reopened here, and all wo have to deal with as regards sapraemia is to ^7 Hr. Horsley. 
(liscoss the nature of the poison and its leading characteristics, taking 
it as developed from albuminous substances by means of the septic or 
katalytic process. 

Included in the following description are the cadaveric " alkaloids '* of 
!*acb forensic importance, and which have been entitled ptomaines. 

Afi a better preface to the consideration of the chemiod septic poisons 
(as understood at present), a brief sketch of the researches which have 
brought DS to the present aspect of the question is here interpobted. 

The earlier writers,* recognizing fully the connexion between the 
bymptoms of blood-poisoning and the process of putrefaction, took animal 
tissues, caused them to putrefy, and analysed the results as for a 
cbemic&i poison, inasmuch as the idea of a saprophvsis had not then 
sprung up. We may now glance at the products of*^ decompoaition of 
aniimiJ albumen as they found them^ and see how far each of them may 
be considered as poisonous. f 

Ammonias act as cardiac poisons. 

Ammonium sulphide produces, when injected in sufficient quantity, 
collapse, diarrhoea, death.t Small doses cause a geneitd rise of tempera- 
tare. 

Fatty acids : 
Formic, 1 

Acetic, I All cause* death when introduced in quantity, 

Butyric, f without, however, septicasmic symptoms. 

Valerianic, &c. J 

Lencin \ Both cause pyrexia, even when injected subcutaneoasly. 

Tyrosm / See PL III. 

Thus of all the products of decomposed albumen, none of the com- 
moocst can be for a moment considered as the cause of the symptoms of 
!*ptic3emia. But to resume the sketch of the observations on this point, 
we find that, within the last 20 years, researches refeiTed to at p. 269, 
>bow the existence of bodies in small quantity resulting from the de- 
struction of albumen, and, while giving the reactions of alkaloids, produce 
alijo the symptoms of blood-poisoning. The following description, then, 
of the chemical poison refers to this later known product, and the above 
reagents are left out of consideration, in most of the researches the 
poison being separated from them. 

The resistance of animals to the chemical sepsin is found to vary just 
as we see (p. 255), resistance to the so-called parasitic fimgi is different; 
aad moreover, has oHen not the same amount of action in the same 
animal.^ This variation is doubtless due to the rapidity with which the 
animal can excrete it, according to its state of health. 

The means of entry of the septic poison is usually the blood stream, 
either directly by wound of vessel or indirectly through connective- 
tissue. Its absolution by lymphatics is necessarily slower, and further, 
experiments have been made,§ showing that sepsin, when sprayed in the 
atmosphere, and even injected into the trachea,|| did not produce septic 
symptoms in animals exposed to it ; while absorption by the alimentary 
canal always gave rise to the usual phenomena of acute saprsemia.^ 
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App. B. Ka 4. 

On - Septic 
Bacteria,'* and 
their Pliysiolofri- 
ml Belations ; 
by Mr. Horsley. 



We may best begin, therefore, with the nature of the poison. 

r(l.) Mecltanical properties, 
(a.) Nature of poison I (2.) Physical „ 

[(3.) Chemical . „ 

(1.) MecliQfdcal Properties. — The poison has been variously described 
as particulate, and not, diffusible and in diffusible, cr^'Stallizable and non- 
crystallizable, but all statements concur as to its chemical properties. It 
remains, then, briefly to discuss the apparent inconsistencies of thi* 
results bearing (m the mechanical properties of the poison. Differences 
in results may naturally be looked for where observers have commenced 
with any substance that seemed best. More facts would have been 
discovered on this point had one substance (muscle or whatnot) bern 
employed throughout, since in every case an extremely complex body 
was chosen with, of course, numerous possible derivatives. Then again, 
many observers, especially of the French school, do not discriminate 
between the chemical poison and the supposed organised fangoi^} 
treating the putrid mixture as simply containing " septic poison." Tbe 
point now being considered in this part of the subject is the chemical 
sepsin, and we may say (on reviewing the mass of tangled evidence), that 
its mechanical properties depend on its mode of preparation, and that 
the sepsin obtained from putrid fluid by precipitation by alcohol and 
subsequent extraction with distilled water* onght not be compared 
with the sulphate of sepsinf obtained by the Stas-Otto process or modifi- 
cations of it. In the former case it is conceivable that the alkaloidal 
sepsin is curried down by and is in intimate connexion with the fin*' 
particles of albumen pi-ecipitated by the alcohol so that the well-known 
sterilisation of the fluid by passing it through porcelain,^ &c. is acooonted 
for, while in the latter case when purified and crystallised it is found to 
be diffusjble and not particulate.! 

The eai-liest work on sepsin showed that it was a fixed non-volatile 
substance. II 

wAs regards its ordinary physical condition it has been obtained a^ 
crystals^ and as a fluid.** 

(2.) Physical properties. 

(a.) Heat — It resists 100^ C. in aqueous solution for a short time,tt 
but prolonged boiling for half an hour is said to destroy it.J J This cannot 
be received without further research on the point since it is said on the 
other hand to liave withstood several hours heating at over 100^ C. 
Possibly different poisons have been employed. §§ 

(/9) Cold, — On the other hand its activity is unaffected by cold. 

(3.) Chemical Properties of the Septic Poison, — The poison itself, 
when isolated by different chemists, has been obtained in different degrees 
of purity, so that analyses of it must as yet be received with caution. 
The purest state that has been reached is probably that|||| in which 
deliquescent acicular crystals of sulphate of sepsin were obtained and 
which gave the symptoms of septic poisoning when introduced into 
the blood-stream. The ciystals under consideration melted and burnt 
on platinum foil, giving off a smoky flame, and in solution (watery) gave 
the ordinary precipitates as an alkaloid, viz., with phospho-molybdio 
acid and potassio-mercuric iodide, platinic chloride, gold chloride, 
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tannic (white ppte.)* mercuric chloride (a pink white ppte.). These app. b. No. 4. 
reactioos refer, of course, to the " alkaloid " obtained by a modification Ou " Septic 
of the Stas-Otto process. An additional result has been observed* S!Si°Hfll/"i"* ; 
ID the fact of the substance obtamed, giving a violet colour with warm m Reiatioiu ; 
hvdric sulphate, and possessing strong reducing powers. There can be ^^ ^^' ^**"^*'J^- 
little doubt of its nitrogenous nature, but it is not albuminous. 

This description applies to tlie ptomaines, or poisons obtained from 
corpses. 

A word may here be added with regard to a point, the importance of 
which has already been insisted on, viz., the probable difference between 
the alkaloids obtained from different sources and even from the same ' 
allaiminous mixture. There is experimental evidence showing that the 
intensity of the poison depends on the extent to which the katalytic 
process has advanced.! 

As a means of distinguishing between the vegetable alkaloids and the 
aoimal ones, or ptomaines, the employment of ferricyanide of potassinm 
lias been suggested,^ which is said to be unaffected by vegetable 
alkaloids but reduced at once to the ferrous salt by ptomaines. 

(b.) Dose. 

As the substance has been investigated in varying degrees of purity, 
M) the dose has been found to vary and it is not yet possible to draw up a 
tiiUc to show the proportion existing between the body weight and the 
amount of poison required for a fatal dose. 

But the question of dose also opens the question of susceptibility and 
immunity. There is a wide difference among animals with regard to 
the former of these points and this would seem to depend to some 
extent on their diet, since those animals which are in the habit of 
devouring substances of^en the seat of septic change show a greater 
rcsiLstance to the ill effects of sepsin than animals comparatively clean 
feeders, such as rabbits and white mice. The similarity in the degree of 
resistance offered by animals to the chemical poison to their resistance of 
the mycotic process is very striking, and the power of immunity is 
probably similar in both cases. 

Provided that the view of the alkaloidal nature of sepsin is confirmed, 
it is readily conceivable that by frequent inoculation of the pure sub- 
stance, animals would develope a certain omount of power of resistance 
gainst its action, just as a tolerance of morphia or other alkaloids is soon 
wriTed at. 

(c.) Effects— (1) General, (2) Local. 

(1.) General Effects. — Before discussing the general effects of the 
injection of sepsin, it is absolutely necessary to review the possible 
fallacies of observation in such an operation. Apart from the variation 
Jn temperature caused by the operation, and which exercises no im- 
portant influence on the result, there comes the main question, What 
is the result of injecting fluids into the blood stream of au animal in 
ordinary health, and that not lowered by previous bleeding ? It has 
heen found§ that the injection of various " neutral " fluids is always 
followed by a distinct rise in temperature, and this was even the case 
^•hen the injection took the form of an artificial arterio- venous aneurism 
in the same animal, the crural artery being preripherally connected with 
^U central end of the crural veinJl In other words, interference with 
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ipp. Ji. No.4 the metabolism of the pweochyma tissues alwnvs produces pyrexia, a 
On "Septic simple proof of which is offered in the experiment of Urst bleeding an 
Bactma" wid ^ animal ami then injecting blood serum.* 

C4a EeiSionsT** In subcutaneous injections the first effect is a slight lowering of tb»» 
by Mr. Horsley. temperature, the normal height of which is soon regained, the substance^ 

employed being spring water and pus.t 

A very interesting observationj showed that animals (rabbits) wli^n 
narcotized by morphia, alcohol, or quinine, remained without fever after 
injection of putrid substance into them, apparently confirming the idt^a 
that the pyrexia is brought abont indirectly through the agency of the 
nervous system. 

Again, there is a possible error in the observation of rigors, viz., as to 
the time of their onset, for they may be produced by the sudden 
influence on the neiTous system of the injected mass, thb occurring 
even during the operation,§ and probably ai'e not of septic character. 

Finally, the temperature curve has been described as inconstant in 
shape, <&c., but as the authorj who advanced the observation mixes thf- 
results of injecting different nuids, the following f^icts may stand as true, 
subject to the precautions mentioned above. 

The characters of the fever consequent on the introduction or 
absorption of the chemical septic matter arc fairly well marked and 
exhibit experimentally the following stages: — {a) Latent period; {h) 
nerve symptoms and rigor; i^c) rise of temperature; (r/) loss of pc»wer 
and body weight, with diarrhoea ; and (e) fall of temperature. 

(a.) Latent Period, — The interval between injection of sepsin an«l 
the first symptom has been variously stated according to the method 
employed. The souixie of the poison also being different, the " alkaloid " 
in each case probably varied just as the cinchona alkaloids vary in their 
action. Moreover, it differs according to its concentration ; thns, in the 
ordinary intravascular injection of putrid material there may be an 
interval of some minutes, during which the animal appeal's depressed^ 
often uneasy and restless, before vomiting, &c. sets in. 

{b,) Nerve Symptoms and Rigors.% — The first prominent evidence of 
septic poisoning following an introduction of the alkaloid is revealed 
by vomiting and nausea. Evidently the medulla oblongata is the fir^i 
part of the neiTous system to suffer important derangement, and more 
especially the vagal nuclei and the allied motor centres which complete 
the cycle of reflex vomiting. That the process is essentially one of 
increased reflex excitability, the increase being peripheral as well a> 
central, we see from the fact that, although in the latter stages (from Io«s 
of fluid, as will be seen), the subject of experiment becomes very thirsty, 
the introduction of fluid into the stomach at once causes an attack of 
retching and vomiting. The vomit presents the ordinary bile appear- 
ances if the stomach is empty. Coupled with the vomitijig is the usual 
excessive secretion of saliva and ropy mucus iv(^ the mouth and 
pharynx. 

The next centre to be affected is that of respiration, and mainly the 
inspiratory side. Thus the inspirations become deeper and accelerated, 
often being accompanied by a whining noise. 

Then the cardiac pulsations rise hi number, and this cliange i? 
developed rapidly, thus in some cases the pulse at the end of half an 
hour could not be counted. In a less severe case they are found to rij»e 
with each effort of vomiting. 

* 4a. § 52. 
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The co^bral derangement noted in the latent period now becomes App. b. Xo. 4 
more apparent, and at the end of an hour shows itwlf as drowsiness and On *• s^o 
rtiipidity. At the same time the hind lejcs be-come weak, and this J?"'^**T!^' "V'^ . 
paj-aplegia is the expression of a general poisoning of the nervous rai R<.i;,ti,,nH; 

svstem. *'^' ^'' Uorsl.y. 

The fnrther course of these symptoms is simply that of steady increase 
in extent, coupled with decrease in severity as tlie strength becomes 
exhaosted. Thus the respiration becomes very shallow, the pulse very 
-jmall and rapid, cardiac paralysis,* and a state of genenil paralysis 

ensues. 

While the above phenomena are becoming maikeil, shiverings and 
deiinite rigors, lasting some minutes, are observable, not very constant 
iu their extent or persistence, but rarely, if ever, absent. Coupled with 
liiis condition is horripilation. 

A watery solution of the crystalline sepsin dropped into the eyes of 
i-abbits and dogs dilated and paralysed the pupil.f Paralysis of the 
iotestinal wall has also been noticed. 

(r.) Pyrexia, — A full discussion of this phenomenon would be out of 
place in a report of this kind, so that, after guarding against the fal- 
lacies mentioned above, we may consider the average amount of pyrexia 
anil iia mode of onset and disappearance. Whatever Ixi its cause, 
ii is an increased oxidation, and has been surmised;]; to be a process 
analogous to the separation of oxygen from hydroxy I by sepsin. 

The rise and fall of temperature following one injection will (provided 
the dose be not very severe) occupy a space of about ^ve or six hours, 
but the condition following the daily administration of a moderate dose 
will give a remittent pyrexia of evening rises, the state of things no 
iloubt occurring daily in septic wounds. 

The curve figured in Plate III. curve 3, is constructed mainly from 
Bergmann's tables, but it must be remembered that the dose he employed 
was often 16 cc. In reviewing the tables given by all the authors, the 
constancy with which the final stage in a fatal case is marked by collapse 
Jind fall of temperature (even to 35*^ C. §) is remarkable, only a very few 
instances (three or four) of rise of temperature at death being recorded 
out of more than 100 tables examined. Compare the curve of "septic 
fiver," PL IV. 

(d,) Diarrhfea and Loss of Weight. — The lo.«s of power is ix)f erred to 
under the nerve symptoms, and the gastro-entoritis set up now shows 
itself, first, as mucous diarrhoea, tenesmus, and later on 'intestinal 
haemorrhage, and expulsion on straining of blood-stained mucus. The 
diarrhoea is apparently proportional to the dose of sepsin. || 

Emaciation and loss of weight is extremely marked in ca?es of 
chronic poisoning, or where the dose, though fatal, has not killed under 
48 or 56 hours. Even in rapidly fatal cases in the last stage of collapse, 
from the relaxation of the tissues, the skin hangs in folds, and presents 
the appearance of emaciation. 

(c.) Fall of Temperature and Collapse. — The final stage of acute 
cheDiical poisoning is marked by profound collapse, the pulse becoming 
indistinguishable, the respirations sighing, and at intervals, until death 
occurs, sometimes with slight convulsions. 

♦ 47. § 18. 
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(2.) Local Effects of inoculation of septic chemical poison. — ^Intro- 
dnced beneath the skin, it produces a local infianamatiou the extent of 
which varies directly with the dose ;* it tlms seems to behave as a 
simple chemical irritant, and probably this considerable difference is due 
to difference in the alkaloid employed, since a gangrenous state has been 
observed to follow the subcutaneous injection of moderate doses.f 

(</.) Changes prodticed in the Tissues and Organs. 

Blood. — Slight ictenis. Blood fluid and laky^ but sometimes 
coagulates in black clots. 

That blood containing a saprophyte should be poisonous is not extra- 
ordinary, and that the fact of the blood being so extremely active iu 
experimental septicaemia does not surprise us; but it hns also been 
shown;^ that the blood of animals poisoned by ptomaines is also poisonous. 
This rests, however, on but a few observations. 

Serotis Membranes, — Haemorrhages common beneath all the serous 
membranes, but most common perhaps beneath the visceral layer of the 
pleura, and especially between the lobes of the lung and over the 
posterior surface of the lower lobe. 

Haemorrhages beneath the endocardium are found in the left side 
and almost invariably ventricular. The similarity of this limitation to 
the similar destruction by endocarditis (rheumatic) is very striking; and 
while on this point we may refer back to the question of ulcerative 
endocarditis briefly noticed at p. 248. 

Peritonitis with brown albuminous flaky exudation may result. 

Alimentary Canal. — The affection of the intestinal tract calls for 
special notice. It is seen at once to be involved very shortly after the 
introduction of the poison, and it is actually shown as hypera3mia in a5 
short a time as five to ten minutes after the inoculation of the poison. 

The hypenemia docs not affect the middle poi*tion of the intestines so 
severely as the rest of the tract, and Peyer's patches often stand out as 
particularly involved. The mucous membrane is covered with red 
blood-stained mucus, and sometimes the lower end of the bowel contain? 
liquid blood, often scarcely altered. Washing the mucous membrauc 
reveals the presence of numerous haemorrhages similar to those seen 
beneath the serous membranes. In chronic cases there may be ulcera- 
tion over these ha»morrhagic areas, the intense inflammation there being 
analogous to the acute pleurisy found over the small snbpleural 
haemorrhages. 

The liver acd spleen are swollen and hypcrwmic (the kidney aLsO). 
Haemorrhages are less common than in the situation mentioned above, 
but the spleen in addition is often almost diffluent. 



V. — Antiseptics. 

Although bearing indirectly on tl-e main questions treated above 
it will be practically useful to refer to the research which has been 
conducted § on the property that certain substances possess. There is 
very close agreement as to the proportionate value of the different 
antiseptics, and as the following table is the latest, and seems to l^e 
the most accurate. || it is here reproduced. The method in all was 
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the same, viz., an attempt to see what proportion would prevent the app. b» No. 4. 
jlevelopment of the ordinary bacteria of decotnpojsition. 

Salicylate of soda 



Merenric chloride 

Thymol 
Benzoate of soda 

Creasote 



20000 
1 

' 2000 
- Do. 
1 

■ 1000 



Thymianol - - Do. 

Carrol •» - Do. 

Benzoic acid - - Do. 

Methyl salicylic acid - Do. 

Salicylic acid - 
Encalyptol 

Caraway oil - 



666-6 
- Do. 
1 



100 



Carbolic ncid - 
Qainine 

Hydnc sulphate 
Boracic acid - 

Cupric sulphate 

Hydric chloride 

Zinc sulphate - 
Alcohol 



' 250 
1 

" 200 

- Do. 

1 
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151-5 
1 

133-33 
1_ 

173-33 
1 



75 

50 
- Do. 



VI. — Resume. 



In the foregoing account care has been taken to avoid describing 
any point (in connexion with the physiology of the septic organ- 
iisihs) ivhich does not rest on direct experiment, and hypothesis 
is introduced solely to render the meaning of an experiment here and 
there a little clearer. For this reason much has been omitted as not 
proved to be owing to the life changes of the organism, and this was 
specially necessary with the details of the fermentative or katalytic 
proeese, since a review of that question would have occupied as much 
attention as the whole subject of the septic poison. But reference may 
liere be made to this mnch vexed subject of debate in its important 
practical bearing with reference to one fact which comes out as a 
dednction from the foregoing account and has recently* been established 
on aa experimental basis. It is that both unorganised fermenU and the 
organisms here described are subject to the same physical latcs^ since 
their potentiality of action is not destroyed by cold, and that (what is 
more striking) if placed in water, it is annihilated at 50^ C, but that if 
f]ry, will survive a temperature of 135^ C ; and let us add to this as a 
rider the observation! that the products of unorganised and (so-called) 
organised ferments are apparently identical. 

From these facts it is very tempting to draw the inference that (as 
the existence of the unorganised katalytic agent is a positive fact, and 
%^ the fermentation influence of a low organism is as yet not proven), 
the ferment is in every case an unorganised compound capable of causing 
molecular disruption. Supposing this inference to be justifiable its 
importance in the pathology of septic poisoning is obvious. 

It is noteworthy as regards this point that even Pasteur has so far 
modified his theory with regard to the torula cerevisise as to consider 
that the actual ferment may be unorganised, though dependent for its 
origin on the torula. With the analogous cases of spongy platinum, 
superheated steam, &c. it is not difficult to conceive that the *^ septic ** 
process is always a chemico-physical process, and not a biological one, 
i*(., as far as i^e decom|K)sition of the albuminoids, &c. is concenied ; 
while on the other hand it is difficult to understand how an organised 
form could exert per se a definite action on any compound, except 
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App. b. No. 4. indirectly, just as the gastric protoplasm onlj converts albnminoids by 

On "Septic tbe indirect method of peptonisation. 

Bacteria " and The classification of the varieties of blood poisoning given on pp. 240-1. 

raf 5^1010^^^ ^^ based on the supposed causes of the same, and not on the gympton- 

i)y Mr. Howiey. produced. This somewhat unusual arrangement needs a little furtLt? 

exposition, although all the ascertained facts bearing upon it are enuiu - 
rated under their respective headings. 

The first point obviouslj is to proceed from the best known to ih- 
more uncertain, and therefore the application of the claasification n:- 
first be examined as regards sapraemia. 

Saprsemia has been so fullj discussed as to need onlj a sL:' 
examination of its occurrence in the hnman subject- Reference ^i- 
made on p. 248 to the non-discovery of organisms in cases of a'O'- 
septicaemia, and to the belief that these were cases of saprsemia. N '"v 
putting aside severe instances, there can be but little doubt that tj 
iistlessness, headache, loss of appetite, and evening rise of tempentu: 
to 1° or 2° in cases of wounds, &c. in which the discharge is fermentir-'. 
. means that a daily absorption of sepsin is going on, and unless am^<^f 
will carry off the patient either by exhaustion or by sudden exaccrbaii"fl. 
It is not BO easy at present to understand the possibility of ftt':^' 
saprasmia occurring in a small wound, but the fatal dose of the pnr 
alkaloid is not yet accurately ascertained, so that nothing can be deoi*!- 
either way. Pabsiog now to the second form, which we have terni. 
mechanical mycosis. Considering the rapidity with which organic- 
multiply, and viewing the condition of the blood vessels in 5r 
affections as anthrax, acute experimental septicaemia, &c., it would ^'^ 
that in these cases the organisms may cause symptoms by me:< 
mechanical arrest of the ordinary nutrition processes from their immti.-' 
number in proportion to the calibre of the vessels (see fig, 15). Sn. ' 
a cause of death may also find an example in cases of general infect !• ': 
by one of the hyphomycetes, such as has already been recorded >- 
occun-ing in man* (Penicillium), and has been the subject of ej]^r - 
mental investigation (see p. 250). Supposing that the organisms fcnipi 
in the subject of disease are the actual cause of the symptoms, it :- 
obvious that their action may depend on either destruction of the ho<. 
or a more rapid process, viz. the manufacture of sepsin in the tissuf- : 
the former of those we have termed the destructive, the latter, th- 
formative variety. As before mentioned, the fact of the occurrence • ' 
an organism proves nothing j»(»r se, so that if in cases where the mu- 
of organisms is not sufficient to warrant the supposition of a mecbaiiit'- 
mycosis, formative biological mycosis is as yet an idea. 

So much, then, for the chemical saprsemia, and the mechanical varie^.^ 
of mycosis. Now, let us examine the third kind of ** septiopniiii/ 
premising, of course, that mechanical mycosis cannot occur without th'- 
doHtructivo kind of biological mycosis being also marked to a greater • ' 
\onH dogrco. 

Ft»otn thin point of view alone the bacillus anthracis can only be c«>^- 
Htdorod an noiHonous and bacillus subtilis as harmless, becanse t^- 
fonnor in ablo, tl)0 latter unable, to grow in the blood. But that tli 
dostruotivo variety of tlie biological mycosis occurs is also a reasonal ' 
inference from the fact of the organisms living in the blood, and fn*^- 
their rapi<l development therein, necessarily splitting up and assimilaiir-' 
those elements of it which are requisite for their existence. But lin!« 
direct experiment has been employed to elucidate this most importiii: 
point, and what is actually known is referred to on pp. 260-2 ir 
liscussing the action of organisms on living tissues. 

•I24a,&c. 
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With this uncertainty in the more obvious kind of biological sapropbjsis ^^* B,lfo, 4, 
ii is easy to understand that of the formative variety of the biological On"Soptic 
mvcosis there is no direct proof, and it is an inference drawn from those ^J^^ologi- 
(Uses where an organism is found, but not in such quantity as to admit <^i Relations ; 
of the supposition of the mechanical mycosis or sufficient to support the Howiey. 

i<]ea of a destructive saprophysis. 

In pursuing the supposed action of organisms in producing disease we 
:nv struck by the want of direct experimental evidence contrasted with 
th\ inveslig^on of saprsmia, so that the summing up necessarily leaves 
the second and third kinds of septicaemia as matters of opinion. 

FuUy realizing the scientific weakness of the present knowledge, an 
attempt may be made to apply the above possible hypotheses to illustrate 
iLe human septic diseases, septicaemia and pyaemia. 

Septicemia in man as ordinarily understood (i.e., the symptoms of 
rhemical septic poisoning only spread over a comparatively long interval 
f'f time, and post-mortem evidenced by only a few of the changes 
'l-^-ribed above) may be considered as occurring in. an acute and 
I'hronic form. The former of these kills in three or four days, the 
latter may extend over a fortnight. On the supposition, first, that this is 
n saprsemia, we have the fact of the symptoms beginning with the com- 
mencement of the decomposition in the wound discharge, the intense 
< liaiwitCT of the same, and the prominence of nerve symptoms.* Un- 
iortanately we are unable to add the one fact which would tend to 
H-ttle the question, vi^., the existence or not of organisms in the blood. 
l\ is somewhat extraordinary that systematic investigation is not always 
nuule into every case of septicasmia in hospitals, considering that if this 
vere only carried out thoroughly even for a year, the information on 
'Me one subject now most important to the operating surgeon would be 
well-nigh complete. 

The chronic form has been referred to before, and diflfera from the 
••ther in duration and severity, probably owing to the difference in 
rf'sifeting power of the patient attacked, and other conditions dependent 
^n the wound. 

Py<Bmia> — The frequent discovery of micrococci in this affection 
justifies us in considering what kind of mycosis this usually is, obviously 
not mechanical, and so probably is to be referred to the third kind of 
blood poisoning, or " septicfemia," but no more ought to be said on this 
}X)iDt with our present information. 

It may make the sense of the foregoing a little clearer if we 
introduce here a sketch of the method of investigation into the nature 
of a case believed to be one of ** septicaemia." 

Since the absence of organisms proves more than their presence, 
the process will better commence with inquiry in this direction. 

r Unstained f Unaltered. 

1. Blood to be examined J < After addition of KHO, 

for organisms - j (^ ether, &c. 

(^Stained by Weigert-Koch method. 
The blood is to be examined at both the high and low points of the 
patient's temperature, and once during the night and day. 

2. Excreta to be examined in the same way (especially the urine). 

A. Their total absence precludes the possibility of a mechanical 
^>iycom and destructive variety of the biological mycosis^ while 
tending also to negative strongly the idea of a formative biological 
mycosis. This doubt with regard to the last would be eliminated on 
Airther watching the case and still noting absence of organisms. 

* See the typical case given in the chart. 
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3. Organisms fonnd in blood. 

{Activi^ of organisms noted and po^Uj 
development. Proportion of organisms 
to quantity of blood. Blood prepare^l 
by Weigert-Koch method. 
(b.) Changes in character of blood to be noted, 
(c.) Excreta estamined. 

Id.) Inoculation on animals. (Same species to be invariablv 
employed.) a, A, e to be observed in subjects of experiment. 

B. The size of the organism, its proportion to the effects observed, 
will separate mechanical mycosis from the other varieties of saprophrsi'^. 

4. No organisms found in the blood, &c« 

(a.) Freshly drawn blood to be examined at once by modifiel 

Stafi Otto process, 
(i.) Observation df prominent nerve symptoms, 
(c.) Inoculation of lower animals with blood of patient, 
(rf.) Action if any of blood on pnpil. 

C. Supposing these tests to yield positive results to those indicat«\i 
in the text the diagnosis is completed. 

It remains only to point out the gratifying fact that many fanda- 
mental points are fixed with almost absolute certainty, owing to »<) 
very many observers having worked on precisely similar lines, so thai 
old points have been thoroughly threshed out rather than new onb 
discovered. With the stirring advice of Professor Panum, '* Muss miu; 
" vor alien Dingen den Forderungen der Logik geniigen nnd Pnnkt flir 
" Punkt durch streng wissenschuftliche Untersucliungeu aufzuklarci 
" Puchen,"— before us, we may hope that the same energetic researrb 
will continue, with the elucidation of " septicaemia *' as the wisbed-fcr 
consummation. 

Note. — Of the numerous authors whose work has elucidated tit. 
points of reference in the text, those only are mentioned who discoveretj 
or shed most light on the question discussed. 



VII. — Method of investigating presence of Organisms. 

The methods employed nre dependent upon : (1.) The resistance' 
offered by the cellulose coat of the organism to the action of the ordiMry 
reagents ; (2.) Upon their property of bein«|^ readily stained by tb. 
aniline dyes ; and (3.) Their growth in cultivating fluids, and in livini: 
tissues. A short abstract of the methods is here appended : — 

(1.) The possible sources of error in searching animal fluids, &c tor 
organisms lie in the fact of the close resemblance between coccus form* 
and small granules of fatty and albuminous nature. Acicular crT*t*l'^ 
also sometimes slightly resemble rod forms. All these ai*e sepantc^i 
with ease, since they can be destroyed by the action of potash and elbei. 
leaving the organisms uninjure<l. 

(2.) The reaction of the ditferent organisms to staining flaidi i? 
certainly different, but too much stress cannot be laid on t^is point at 
present. The dyes of most use are hsematoxylin, methyl videi, 
methylen blue, gentian violet, Bismarck brown, vesuvin, Ac. Of then' 
the second is one the most useful for ordinary purposes, and the brown 
for photography. The strength of the solutions employed have hc-^v. 
varied, but solutions from * 5 7o ^^ ^ ^U ^^ ^ found to be praciicall; 
the best. The investigation differs according to the tissue. 

Blood and Pus, — A thin layer is spread upon a cover g1as<, then 
immediately dried by a few rapid passes over the flame of a Bunsen gus* 
burner, or, if that is impossible, over a spirit flame. As soon as qni^t' 
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Jry, a few drops of the dye solution is poured over the film and lefk on App. B. No. 4 
for a minute or more, then gently washed off with distilled water and On** Septic 
allowe<l to dry. Finally, a drop of (previously heated for some hours) ^*^|^"io?^-. 
hard Canada balsam is fused on a slide, and tiie cover glass with the cai Beiations 
stained film of blood inverted upon it, and pressed down. ^^ ^^' flowley. 

Cautions. — (a.) It is scarcely necessary to add that the skin of the 
bnbject of observation and all glass work must be cleaned with alcohol 
and distilled water before blood, &c. is drawn, and that the glass must be 
piksscd neveral times through the flame immediately before use. (b,) The 
manipulation from the time of collecting the fluid on the cover glass to 
the moment of staining roust be conducted as rapidly as possible ; the 
film oDce dried and stained, can be kept without fear of error, since 
adventitious organisms would not be coloured, (c.) Care must be 
Utken not to over-heat the film either on thC' first or final occasions. 
(d.) If staining is prolonged and washing conducted roughly, the 
Ulra may be easily washed away. 

Tissues. — Organs, Ac to be hardened in absolute alcohol. Extremely 
thin sections are then to be prepared, placed in methyl violet for 
15 minutes, or Bismarck brown for 24 hours, or double staining may 
Ije employed- The sections are then placed in a watch-glass of water, 
to which one or two drops of acetic acid are added, or in a 5 °/o solution 
of carbonate of potash. The sections become decolorised, and slightly 
swollen. Now they ai*e placed in absolute alcohol ; the coloring matter 
dissolves out rapidly in this medium, so that care must be taken to pass 
ihem quickly into oil of cloves, and mount in balsam before the staining 
has disappeared. These details only require a little practice which no 
words will supply. 

Organisms may be detected during life in transparent membranes, 
mesentery, <fcc. 

Cultiraiion and Inoculation, 

(1.) The cultivation fluids that have been employed are numerous, 
and include Pasteur's and Cohu's formulsB, both well known. But more 
lately the mode of growth of organisms has been studied with great 
ad\'antage by inoculaiing some of the fluid on the clean-cut surface of a 
hoiled potato. Although organisms rapidly appear in many places on 
the cultivation surface, still each organism keeps within its own terri- 
tory, and so the cultivation is practically pure. 

But also the method of observing the growth of organisms in animal 
tloids such as peptone solutions, perum, &c., has been facilitated by 
adding just sufficient gelatine to ensure the solidity of the cultivation 
Quiss at ordinary temperatures. Ill is compound can be poured (heated) 
on clean slides and inoculations made on the surface at different points, 
the organisms growing from each inoculated point, and readily watched 
^Tith the microscope power up to 300-400 diameters. 

(2.) Inoculation may be practi£<ed in various ways : (a.) By placing 
a dirop of solution on slight wound surface (vaccination), or by injection 
into the blood stream by a vein, or iuto the lymph system by introducing 
the liquid into the peritoneal cavity. Further, the growth of organisms 
niaj be observed in the cornea after inoculation by a small puncture. 

Since the methods vary so much, only the general principles on which 
they are founded, together with a few details, are here given. Especially 
necessary is this the case, since organisms accustomed to one preparation 
<io not readily grow in another. 
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wLT^S^^ Note. — Those aathors whose names are indicated by an astemk hav^ 
i^^ inijiK.;»- written more especiaDr on the chemical side of the qoestion, and tba«o 
^ SS^oritT. »ntbors who arc referred to only by name are quoted here on account of 

their iicing credited with facts mentioned in the text, but the original 
publication of which it has been impossible to find. 
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le. 



B. 
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EXPLANATION OF FIGURES. 
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PLATE I. 

T\g. 1. Mioroeooci in pus. (a.) Pus oorpnacle. (&.) Chain of eood nhnnlating 
chain of bteleriam tenno. 
„ 2. Zoogloea mass of microooed 
M 3. Tornla form of nucrocoocns unte (Cohn). 

4. Baeterinm tenno in pus. (a.) Pua oorpuaele. (6.) Chain of bicteriiim 
tenno. (c.) Diagiam of actoal outline of bacterium tenno. 

5. Bacterium found in eepticgpmia of binls (Koch), probably identical with 
those of Davaine's septicannia (Oowdeavell). 

„ 6. Bacterium lineola (Cohn). 

„ 7. Bacillus subtilis. 

„ 8. Spore bacteria, or hdobacteria of authors, perhaps transition fonns in 

spore development. 
„ 9. Bacillus anthrads. (a.) Leucocyte. 
,9 10. Bacillus ulna (Cohn). 
,,11. Vibrio rugula. 
„ 12. Vibrio serpens (Cohn). 

„ 13. Spirillum tissue (b), and spirochsete (e), a red blood corpuscle (Koch). 
„ 14. Spirillum volutans (Cohn). 
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PLATE II. 

Fig. 15, Mechanical mycosis. Small vessels in omentum of guinea-pig 
plugged with bacillus anthracis. The nuclei belong partly to the 
capillaries (the walls of which are rendered almost perfectly 
transparent by the balsam), and partly to the serous epithelium 
and corpuscles of the serous membrane. 
„ 16. Leucocytes containing rods. 

The figures are original except where otherwise indicated. 
Figs. 3, 6, 10, 16, 12, 14, magnified under Hartnach, min. obj. IX., oc. III. 
5, 13, 8, „ „ 700 diameters. 

1, 2, 7> „ ', Hartnach, min. obj. X., oc. III. 

4, 9, 16, „ „ „ obj. XIII., oc. ly. 

increased twice. 



»9 
99 



IS 



Jlale^ JI 



• -N V,^ 



"^ 



\ 



\ 



.— '?- — 




\ 



l€ 



I 



^orsLtydeU 



40t7 



Dahcerfield LiTH 22 BeoroRoS' CovENT Camden 



i 



285 



PLATE III. 

CiurveB to compare errors in the investigation of pyrexia introduced (1) bj 
operation, (2) hj accessory substances with the result of infecting the chemical 
poidon. Curve (3). 
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PLATE IV. 
Curve in septictemia consequent on operation to compare with Plate III. 
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^^' ^- App.B.No.5. 

FuKTHSR Besearches ou the Chemical Constitution of the Bbain; Further se- 

by J. L. W. Thudichum, M.D., F.R.C.P. thS^cteS*! 

Comtitiitioii of 

~"^ — — ijjjg Bruin . ijy 

CONTENTS ^' Thudichum. 

— Page 

I« Chr THS PRBSBirOB IH THE BRAIN OF A GROUP OF VOK-ALBUMIITOUS 
OBGAKIC IMMKDIATB PRIHGIPLES OONTAINING SULPHUR A8 AN 
BBBBKTIAL INGREDIBKT ....*. 287 

Jl. On thb cbrbbrin bubstancbs which combine with xetaixic 

OXTI>E8, SULPHURISED PRINCIPLES, SPHERO-CEREBRIN, AND OTHERS S90 

HI. On a new COMPOUND OF CEREBRAL INOSITE WITH CUPRIG OXTDE - 294 

IV. On a new REACTION AND COMPOUND OF CEREBRAL TTROSIN - 297 

V. ChEMOLTSIS BT BARYTA OF ALBUMIN FROM BRAIN . - - 299 

VI. Properties of common tasteless leucin and of its copper 

COMPOUND, studied WITH A VIEW OF EHTABUSHINO ITS DIAGNOSIS 
FROM ITS ISOMER GLTCOLEUdN ..... 802 

VII. On OLTCOLEUCIN, THE FIRST CHEMICAL ISOMER OF LEUCIN, ITS 

PMOPBRTIES AND COMBINATIONS ..... 805 

Vm. On some new alkaloids obtained from brain-albumin by 

CHEMOLT8IS --*------ 806 

IX. QUANTATION OF THB CHEMICAL CONSTITUENTS OF GREY AND WHITE 

TISSUE OF THB BRAIN -.-.-- 309 

X. QUAVTATIOK OF THE ABSOLUTE AND SPECIFIC GRAVITIES OF A 

HUMAN BRAIN AND OF SEVERAL PARTS - - - - 818 

XI. Systematic quantitative analysis of the brain- - - 816 

xii. quantaiion of the constituents of an entire human brain. 

With table of data - - ... 322 



I. — On the Presence in the Brain of a Group of Non-Albuuinous 
Organic Immediate Principles containing Sulphur as an 
essential ingredient. 

A sulphurised prineipie had already been discovered in the lead salt 
from ox-oerebrins, regarding which some preliminary information has 
been given in a previous chapter. I may also here anticipate the notice of 
an interesting observation to be related hereafter, namely, the deposition 
of metalloid crystallised sulphur from extracts of brains of young 
aniaials. I may also again refer to the finding by Couerbe* of sulphur 
in all the substances which he had isolated from the brain, a circum- 
stance which fell under the criticism of Fr^my and the French 
Academy, and was mainly instrumental in causing Couerbe's researches 
to be disbelieved and rejected, I have lately again expressly tested 
the pbospfaorised substances which I have isolated and named, and found 
that thej do not contain sulphur as an essential constituent. A gramme 
of pnie kephalin gave only an unweighable trace of barium sulphate ; and 
so with myelin and lecithin. But when I came to the substance termed 
by Couerbe stearoconoU^ I found reason to think that in this particular 
the analysis of Couerbe had not been altogether incorrect, though it 

• An abfitnct of Coaerbe's pablication on the Bnun was given in Beports, New 
Series, No. in., 1874, p. 216, et seq. 
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App.b,No.6. i"^y ^*^ve been aftected by the same fault as the others. But there U 
P^^. ""z^ this difFereuce between the finding of Couerbe and the data which 1 am 
searches on going to describe: Couerbe's stearoconot€ was a substance educed 

S)n?«^.^of without any other reagents than solvents. The sulphur-compounds to 
the Brain; by be described in the following were educed with the aid of barj-ta. They 
Dr. Thudichum. ^^^ ^.^^.^ gjjjjiJar in bearing to stearoconote, and call for a careful 

comparison of the two. 

The discovery of these sulphur compounds is only an incident in the 
researches on the ingredients of Ihe (human) cercbrin mixturu. Yet, 
owing to its importance, I have placed it as the title at the head of this 
chapter. It will, however, be seen that the processes employed have led 
to the isolation of other substances as well characterised as any hitherto 
described. But with regard to all of these I make the reserration 
which I have stated repeatedly in this report. 

Human mixed Cerebri ns. Baryta Process applied far their 
Separation. — I applied the baryta process in this case in the hope that, 
as others had by its meacs obtained cerebrin matter free from pbos- 
phorised matter, I might be equally successful. My experiment wa;*, 
however, so far different from that of othere, that I carefully avoided 
the possibility of the baryta acting chemolytically upon the cerebrin- 
substances. The baryta was therefore added only as long as it pro- 
duced a precipitate, and never in excess, so as to be in solution in any 
appreciable quantity. I may at once state that in no single instance 
out of four experiments were the cerebrins obtained free from 
phosphorus. 

The Process. — The preparations used were Nos. 3,396, 3,397, 3,39H, 
and 3,399. The first three were 100 g. of human cerebrin mixture ojk'b, 
the fourth consisted of 300 g. of the same mixture. AH four portion> 
were treated by the same process, the only difference being that some 
received more, some less, baryta water, though they all receive*! 
measured quantities. The ccrebrin-substances were dissolved each 
100 g. in 3 litres of hot alcohol. To the boiling solution baiyta water 
saturated at the ordinary temperature was added in a thin stream, so sis 
not to interrupt the boiling of the alcohol. The first 100 g. had 450 ee. 
baryta water added. The mixture was boiled for a few moments, and 
then the solution decanted from the adhesive precipitate. The latter 
became hard on cooling, aud was detached and powdered. It was now 
exhausted with boiling alcohol; many extractions and pulverisations 
were required to withdraw all the matter which alcohol would 
re-dissolve. 

Nature of the Precipitate produced by JSaryta.—The baiyta water 
does not produce a precipitate in the hot alcoholic solution of the 
cerebrin mixture by virtue of its water, as was specially proved by a 
blank experiment with water only. It precipitates, in the first placis 
in combination with baryta, a body (or mixture of boilies) which i> 
soluble in cold benzol, and which will bo treated of immediately. At 
the same time there fall down portions of the several cercbrin bodies, 
phrenosin, kerasin, <&c., of which another portion remains in solution, 
and which are then again extracted from the precipitate by boiling 
alcohol without retaining more than traces of bar} ta, precipitahle bv 
carbonic acid from the alcoholic solution. Tliesc latter bodies on^ 
insoluble in cold benzol, and separable thereby from the stearoconote or 
mixture of baryta compounds. 

It must at once be |)ointed out that the matters soluble in oold benzol 
cannot be separated from those insoluble in benzol by one operation 
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i»nly. When benzol has acted upon the powdered particles of the App.B. No.6. 
put:ipitato, they seem to be covered by a layer of matter insoluble in PnrtherEe- 
lH?nzoI, which prevents this solvent from reaching the matters soluble Jf*'cif * ^i** i 
m it, which are contained in the interior of the particles. It is therefore Constitution of 
necessary to extract the powder alternately with cold benzol and hot dJ? Tfcmiuchmu 
alcohol, and sufficiently often until all the matter is dissolved in hot 
Jcohol and cold benzol respectively, or remains insoluble in either. 

Matter* soluble in cold Benzol, — The benzol solution obtained in 
the manner described in the foregoing is clarified by repose, filtration, 
and deeantation, until on standing further it remains perfectly clear and 
brilUant. It is then concentrated to a small bulk, with the precaution 
of keeping the solution perfectly liquid. It is now treated with absolnte 
.ilcohol as long as a precipitate or turbidity is thereby produced. The 
lirecipitate is further extracted by boiling absolute alcohol, and dried 
m vacuo over oil of vitriol. (It constitutes No. 3,400 of the entire 
•»cnes of preparations, and its analysis will be fully described imrae- 
«liately.) The alcoholic mother-liquors, particularly those obtained by 
••oiling, contain a quantity of a body which appears in cur\-ed needles, 
and therefore will be designated meanwhile as curved needle body. It 
constitutes Prep. No. 3,401 of the entire scries. 

Elementary Analyses of the Bftryta- Compound solubh in cold 
Benzol and insoluble in Alcohol (Prep. No. 3,400). — It was dried over 
oil of vitriol, and at 70° in air-bath before analysis. Coloured powder. 

(«.) Quantation of Sulphur, — 1 '8542 g. were fuse<l with flux and 
caiL<tic, Ac, and gave, on solution in nitric a<*id only, an insoluble 
precipitate, which was BaSOj, and weighed 0*5398 g., equal to 
4*0 7q S in the compound. 

ih.) Quantation of Barium, — To the acid filtrate from the foregoing 
eulphnric acid was added, and a second precipitate of BaSO^ produced, 
\^hi^h weighed 0*5734 g. Both quantations lead to a total of barium 
sulphate = 1 • 1 132, equal to 35*30 % Ba in entire compound. 

(c.) Quantation of Phosphorous, — The filtrate from the precipitate 
(b,) was made alkaline and treated with magnesia mixture, and gave 
pjrophosphate of Mg == 0*1693, equal to 2*55 ®/q P in compound. 

(rf.) Quantation of Carbon and Hydrogen by Liad-Chromate, — 
•3292 ga\e 0*3725 CO,, equal to 30*86 '/^ C, and 0* 1445 11,0, equal 

4*88"/^ 11, 

(e.) Quantation of Nitrogen as Ammonia, — 0*5430 gave 0*0283 
mttdllic Pf, equal to 0*74 % N. 

Synopsis of Data: — 



ments. 


Pel Cents. 


j-by Al.Ws. 


-by S = 1(0-125). 


c 


30*86 


2*5716 


20-57 


H 


4*88 


4*88 


39* 


N 


0*74 


0528 


0*42 


B 


4-00 


0*125 


1* 


Ba 


-35 • HO 


0*257 


2* 


P 


2*55 


082 


0*65 





21*67 


1*354 


10- 




10000 





The study of the relations of the atoms to each other gives at once 
J^mne interesting information. The sulphur is to barium as 1 : 2, a fact 
which became already apparent in the course of the analysis. Carbon 
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APF-RXas. and hydrogen are to erndi other as 1:2 very nearly, indicating ili»' 
Fcrther Re- pi>f!?eDce in the compound of radicles of the fatty eories. Phoeplioru- 
•^'chrfL-^ and nitrogen ^tand apparently iu no relation to each other, and in n(»D' 
( ':.>ti:'.tLa of to the sulphnr or bariam. The body is unquestionably a mixtore, hu- 
Dr. xCiixhiLiL ™*7 ^ ®^ substances having some analogy with each other. Al lca*t 

the bearing of the product towards solvents would support such ah 

hypothesis. 

Several smaller preparations obtained in a manner similar to xl- 
process described in the foregoing were analysed, and gave, on<. 
32-97 ' 3 Ba, 106 ; ^ S» and I- 15 ^•^ P; the other, 22* 14 '/^ Ba, tn i 
l'9o So S. They evidently cobtained a lesser proportion of tl* 
sulphurised liody than the main preparation, and were, like that. 
preserved for future research. 



II. — ScLPHUKiSED Principles, Sphero-ckrcbbin, and others. <^s 

THE CkrEBRIX SuBSTA>X£S WHICH OOMBIKS WITH MeTALLK 

OxYDEs. From Ox Brain. 

I now approach that part of the subject of brain research whit !; 
seems to contain within itself, if not the greatest amount, at least t(-<' 
greatest number of difficulties. What I have to state should not In- 
considered otherwise thau as preliminary observations which may ^r^- 
as the basis for future more perfect inquiries. Of some bodies the mttc 
existence ha.s been ascertained, and they have not been definitlTilv 
isolated. Othei*s have been isolated in a state of artificial combindtio'i 
with reagents. Two have been isolated in Euch a state of scrji- 
crystallisation (sphero-crystals and groups of microscopic needles) thai 
their appearance and behaviour gives some sort of probability to ti;t- 
assumption that they are approximately pure. But the only final c-ontr ! 
of actual composition, quantation of atoms and weight by combiDati"" 
and demonstration of constitution by chemolysis could not yet be api^i^t^^ 
to them. Indeed, ali-important as 1 think the observation which I ^hiil'\ 
have to relate, 1 should not have published them in their {(resent sha[i' 
were I not under the obligation of reporting my researches. 

Mode of separating these Substances from the Cerebrin Mixture. 

The cerebrin mixture is, as we know, that part of the peculiar wbit' 
matter of Vauquelin which remains insoluble when it is exhausted with 
ether. This cerebrin mixture is dissolved in hot spirit, and to the solu- 
tion a hot solution in spirit of acetate of lead is added as long a*^ ^ 
precipitate is produced. Ultimately a little ammonia is added, and tb' 
solution is filtered hot from the precipitate. The latter contains tho 
bodies here to be considered. 

The crude Lead Compound^ to be hereafter referred to as ** Dark 

Lead Salty Ox-Cerebrins. 

This body was exhausted with boiling spirit, the extraction lieks 
repeated an indefinite number of times ; all that which spirit extracU'l 
will not be considered any further in this place. The matter insoluM' 
in spirit was now extracted with benzol until nothing further dissohe*!. 
There remained insoluble a lead compound which had a peculiar 
ash-grey colour, reminding the observer at once of the probabilitj thol 
a small port of the lead had by some means or other been con veit'l 
into sulphide. 
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Quaniaiion of Leiid and Organic Matter and of Sulphur and app.B. No. c. 

Phosphorus in the Dark Lead Salt. Pnrth'^e. 

(a.) l'2992g. decompoflcd with hjdrotbion in hot spirit gave J^I^^^ 
0-3490 PbS, equal fo 2'6'21°/^Th, axid therefore about 76-73 7^ of Opnatitutionof 
organic matter. Dr. xhudichum. 

(^.) l*4826g. burnt with 80<la and mercuric oxyde in a tube, &c.y 
gave 0-1749 BaSO^, equal to 1*62 % S, and 0* 1574 pyrophosphate of 
magnesia, equal to 2 ' 97 °/d ^* 

Attempt to isolate the sulphurised Principle, the Presence of which 
was demonstrated by the foregoing Analysis. 

The alcoholic solution which had been obtained in analysis (a.) of 
the foregoing paragraph deposited much organic matter on cooling; 
this was redissolved by heat, and in the hot solution a precipitate was 
produced by baryta water. The precipitate was exhausted by boiling 
spirit, and the extracts were disregarded. The matter insoluble in 
spirit was dissolved in benzol, and the solution separated from the 
insoluble portion. The benzol solution was concentrated by distillation, 
and precipitated by absolute alcohol. The precipitated (stearoconote) 
body was dried and analysed. 

0*3068 (being almost the entire product of this fii-st operation) fused 
with nitre-flux, &c., gave 0-0288 BaSO^ =1-32 % S. 

Tliis experiment proves that the sulphurised principle contained in the 
lead salt can be transformed into a baryum salt soluble in benzol. This 
^t contained less sulphur than the original lead salt. When it is com- 
pared to other sulphurised baryum compounds of similar properties, 
n'hich I shall have to describe below, it is seen that in the former the 
sulphur amounts to a much lesser percentage than in the latter. This 
Ib probably due to the &ct that the lead salt has undergone many 
operations for the separation of its ingredients, whereas the compound 
with the larger amount of sulphur has undergone a lesser number of 
operations. From a third series of observations to be related, it will be 
seen that the brains of young animals contain at least one sulphur body, 
which is so labile that on standing in its ether solution it deposits 
mlphur in the metalloid state, and in crystals too, which are needles as 
well as octohedra. We have therefore three distinct aper9u8 proving 
the presence of sulphur compounds (other than albuminous ones) in the 
brain. 

Decomposition of the Dark Lead Salt ( Ox- Cerehrins) by Oxalic 

Acid in boiling Spirit. 

It was evident that for the study of the sulphur compound in the 
lead salt the application of sulphuretted hydrogen, although apparently 
quite successful in the above experiment, would have to be avoided. 
A quantity of the salt was therefore boiled with double that amount 
of crystallised oxalic acid, which theory indicated as necessary for the 
transformation of all lead into oxalate, in a flask fixed to a refluent 
cooler, until the salt appeared white and all grey colour had disappeared. 
The solution was now filtered from the precipitate. 

Insoluble Lead Salt (Oxalate). — It was exhausted with spirit, then 
washed with boiling water, suspended in water, and treated with dilute 
nitric acid. On heat being applied a reaction ensued, the oxalate dis- 
solved, and a small quantity of lead sulphate remained insoluble. 
It weighed 0-0348 g. equal to 0-0037 g. S in 20 g. salt, or 0185 7^ S 
in lead salt. This shows that of the l-62°/o S contained in the lead 
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App.b.Xo.5. salt, onlj a minute proportion can be present na sulphuric acid, or in Uic 
shape of a metallic sulphate. "Possibly even the small quantity found 
was derived from the oxydation of the black sulphide, which gives to iiw 
salt its dark colour. 

The organic Matter from the Lead Salt (total mixture of at least 
three bodies) was crystallised from the spirit containing the excess ot* 
oxalic acid, washed and pressed. It was next recrystallised from spirit 
and appeared white and voluminous. It was analysed in order U^ 
ascertain whether it contained sulphur and phosphorus, with the 
following result. 

(a.) 0-8668 fu8e4 with flux and caustic soda gave 0-0340 BaSOj = 
0-54 7^ S. 

{b.) The solution filtered from the BaSO^ gave further O-063s 
pyrophosphate of Mg, equal to 2 * 06 7o ^• 

The organic mixture was now extracted with cold benzol and filtered 
by air pressure through a tubular filter. The benzol extracted a smail 
quantity of a body which was recrystallised from spirit, and crystallis*^! 
in needles. The part insoluble in benzol was also recrystallised from 
spirit. It was then recrystallised from hot benzol and deposited entirt^ly 
on cooling. After having been freed from benzol it was dissolved in 
about a litre of absolute alcohol, and cooled to 38°. A body was deposit-ed 
in heavy sphero-crystals^ and adhered to the glass, so that the solution 
could be easily decanted clear from it. This was repeat e<l, and all crystai> 
were collected. They represent the body which in the following is tenneil 
sphero'CerebHn. 

SpherO'Cerebrifu 

The name is intended to indicate that the body is a cerebrin crytit^l- 
lising in sphero-crystals. It was twice crystallised fractionally from 
absolute alcohol. The solution having been filtered clear, was now 
allowed to cool while the temperature was read off by an immerso<i 
thermometer; it began to form a deposit at 50^, of which the main bu)k 
came down between 43° and 41°. When the deposition had ceasal, 
the sphero-cerebrin was filtered ofl^. 

Seen under the microscope it appears in round balls of very uniform 
size, which all have a peculiar three branched mark in the round field (a;. 
When the balls are rolled it is seen that they contain thi-eewed^e- 






a. 



b. 



c. 



shaped fans each ; the side of such a fan appears like (6), and shows 
radiating needles ; three such wedges are united with their sharp 
straight edges at a line representing the diameter of the ball. By 
gentle pressure the balls break almost regularly into the three wodge 
shaped segments. 

Sphero-cerebrin, with oil of vitriol, on standing, gives only a very 
feeble reddish colour attached to flakes. It is free from sulphur, an<i 
contains only unweighable traces of phosphorus (when 0''4462 were 
analysed). 

Analyses, — Dried at 95° (a.), 0*6390 g. burnt with lead chroniflte 
gave 1-4703 COg, = 62,75 % C, and 0*6362 H^O = 11 -08 7^ H. 
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(d.) 0*3842 burnt with, soda lime, &c., gave 0*0337 metallic platinum app.b. No.s. 
.^aaltol-28%N. FurtheTS^ 

(r.) A qoantitj wbich had been dried at 90^, when heated to 110^ searches on 
daring five hoars, lost nothing in weight. cinSSSfSi^f 

the Brain; by 
Dt. Thudichum. 
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In its main features sphero-cerebrin resembles to cerebrinic acid, but 
it coDtains over this (theory CsgH^isNOg) an excess of 8 H and 8 0, 
or eight hjdroxjls. Sphero-cerebrin differs, however, from cerebrinic 
acid bj its crystalline shape, and by its per centic composition. (See 
Annals. II. 40.) 

Principal and second Product from Dark Lead Salt, 

The term principal here refers to quantity ; 20 g* of lead salt gave 
lo*49 of organic product. This quantity was split up into the follow- 
iug separate quantities : — 

Principal product (not yet unitary) - - 9*59 g. 

Second product (more sol able than foregoing) 4*04 „ 
Sphero-cerebrin (least soluble in alcohol) - 1 ' 50 „ 

Needle body soluble in beuzol - - - • 36 „ 

The absolute alcohol solution had been filtered at 40^. At 37^ cumuli 
(f clouds formed under the bulb of the theimometer. At 36° the entire 
liquid was turbid. At 35° all translucency was lost, and the crystals 
projected £rom margin into fluid. At 34° the surface beoime concave, 
and the marginal ring of deposit was out of the fluid. The particles 
abrogated and the fluid became again translucent. At 32° clouds of 
deposit sank, and the temperature remained stationary for some time. At 
thij) point the deposit was separated by filtration. 

At 30P to 29° a new cloudiness arose, and a deposit began to adhere to 
the glass. This second deposit included almost all of the matter which 
was in solution in the alcohol. These processes, therefore, resulted in 
the separation of the organic matter present in the lead compound in 
the greatest quantity into two bodies, one of which, the least soluble in 
alcohol J was recrystallised by itself, while the other, the most soluble in 
absolute alcohol^ was also recrystallised by itself. 

We have, therefore, at this stage the organic matter in the lead salt 
separated into the following five products, arranged in the order of 
decreasing quantities : — 

n.) Principal product - - - 9*59 g. 

(2.) Second product (more soluble than foregoing ") 4 '04 „ 
(3.) Sphero-cerebrin - - - 1'50 „ 

(4.^ Body soluble in benzol - - - 0*36 „ 

(5.) Sulphurised compound - - - — 

Analysis of the principal product from Dark Lead Salt (OocCerebrins), 

(1.) Water expeUed at 90°. I 6225 g. air dry, lost 0-0564, equal to 
3-4800 °/^H,0. 

(2.) Phosphorus quantation in anhydrous substance. 0: 4353 gave 
0074 Mg pyrophosphate = 0-3700 % P. 

B 2199. T 
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Arp.S.Xa5. (3.) Carboo and Inrdrogen 0*7631 gave (l>finit with dmymato 

Forth^Ee^ and copper oxrde) 16586 CO, = 59-28 7. C, and 0*7474 H,0 = 

•««t«cr: 10 09-;,H. 

cS5^-\' '4,) Qnantation of nitrogen as NH,. 0*5284 gare 0*1108 pUtimV 

SfS*? v^^^ cliloride salt= 1-32 ^^N. The Ft. in the salt weighed 00485 = 

It is at onoe evident that this bodj is a mixture of a pho^boruse^i 
principle with at least one cerebrin-llke body. If we assume all xh 
^osphoms to be present in the shape of one moleele of ^neoroetearyi- 
phosphoneorjl-glyoeride (C^HgaNFOg), and deduct this moleele irum 
the complex of mokdes obtained as an anpirical formnla with F = I 
then we obtain a residoe with more than seven atoms of nitrogen, which 
divided by N = 1 (i.e. bj 7*36) give a formula not nnlike & eer^rin- 
bodj with three nuclei of neoiostearic acid, but with a qoantitr cf 
oxygen, which is too large to satisfy that hypothesis simply. 

Synopsis of ike Pereeniages found and ike Hypoikeses applied. 
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We have, therefore, in the cerebrin residue of this mixture a still 
larger number of atoms of oxygen than in sphero-cerebrin. And (Li 
fact may ultimately lead to an explanation of the iudd character of thei^ 
componndsy which enables them to form firm compounds with bases, such 
as the oerebroeltes of the phrenosin type do apparently not form. 

The second more soluble is absolute alcohol product (weighing 4 *(H g.* 
see the list above given) has not yet been analysed. It is not knovru 
whether it is, or contidns the sulphurised principle, the existence of 
which in the mixture has been [»x>ved above. This inquiry most be 
left to the future. 

HI. — On a kbw Compoukd of Cerebral Inosite with 

CCPRIC OXTDE. 

It was natural that inosite, a sugar of the composition expressed bj 
-the formula CeHuOe* should be tested regarding its bearing with copper 
salts. It was found that its watery solution, when added to one of 
potassio-cupric tartrate, deepened the blue colour of the latter; on the 
application of heat the colour changed to green, and a green depoi»it 
separated, after the removal of which the colour of the sdndon became 
again blue (Cloetta). The change of the colour of the solution from 
blue to green during the application of heat, and firom green back to 
blue during the process of cooling, as well as the formation of the gt>e^ 
precipitate, was attributed by Tohl to the presence with the inosite of 
foreign substances. Soberer, on the other hand, found that a mixtnr? 
of solutions of inosite and cupric sulphate, yielded on addition of caustic 
potash-ley, a bluish green precipitate, which quickly disappeared on 
addition of excess of caustic-ley. When the solution was boiled no 
cuprous oxyde separated, but a light blue precipitate fell when the 
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jnixturc was allowed to stand some dajs. These data are at least in App.B.No.6. 
iiart contradictoryy and as regards the production of a compound purtherRe- 
iiidefiiiite, none having been isolated or analysed. I resumed the study learchea on 
of these relations for the purpose of comparing the bearing of inosite constkij^oii^or 
towards copper salts, with that of the other educts or chemoljtic ft?w^d»j?^ 
products of the brain* The following results were obtained in the * " ^ ""*" 
coarse of this studj. 

When to a hot solution of inosite (from ox-brain) a saturated solution 
•if copper acetate is added, a light green precipitate immediately ensues. 
^Vben copper acetate is added in excess, so that the filtrate has a blue 
colour, and the mixture is warmed, almost all inosite is precipitated out 
of the solution. The green precipitate of inosite copper can be heated 
with pare water, without more than traces of copper dissolving in the 
water The solution is colourless, but gives a brown coloration with 
I>otasdiam ferrocjanide and acetic acid. The light green precipitate of 
inosite copper (^rgt precipitate) on being dried in the air-bath at ) 10^, 
became dark green, nearly black, and was then analysed. 
( 1.) • 0968 g . after ignition left • 0568 g. CuO, equal to 46 • 84 % Cu* 
(2.) 106 g. left 0629 g. CuO = 47'387o Cu. 
A compound of one molecle of inosite with three molecles of cupric 
oxyde, CeH^^Oe + 3 CuO, of which the atomic weight would be 
182 + 238-2 = 420-2, requires 45-2%. 

The compound when bailed with water is decomposed at the place 
'w^here the vessel, whether platinum or glass, is hottest. It is not 
decomposed when warmed gently on the water-bath. When inosite is 
fcaparated with excess of copper acetate on the water-bath, all inosite 
becomes insoluble in the shape of the compound described in the 
foregoing. The excess of acetate may be washed out with warm water, 
but the precipitate may not be boiled in platinum or glass over the free 
tlame, as it forms a reddish brown adherent decomposition product. 
The compound is soluble in acetic acid, with slight coloration, without 
residue. It is soluble in ammonia, with a deep blue colour. A trace 
of matter remains insoluble (which is not the case with the acetic acid) 
J»nd may explain the slight excess of copper found in the analyses. 

^eu this compound was heated on platinum, it showed the following 
remarkable bearing : 'it scintillated and deflagrated, while evolving acid 
fumes. A red residue was left, which on being thrown into the air took 
tire and burnt (pyrophorus). Probably the three molecles of cupric 
oxjde gave up half their oxygen, and remained as cuprous oxyde mixed 
vith some carbonaceous matter. 

Second Precipitate^ — On addition of more copper acetate to the 
^lotion from which the first precipitate had been filtered, and application 
of a gentle heat, a second precipitate ensued, which was and remained 
^^n. Dried at 110° it gave on analysis the following data :— 

(I.) 0-2168 gave 0-1208 CuO = 44-507o Cu. 

(2.) 0-2719 „ 0-1537 „ =45-12 „ 

(3.) 0-2550 „ 0-1410 „ =44-15 „ 
. When this compound in the state of powder was heated at the margin, 
^t took fire, and then burned spontaneously through, leaving a red 
^«aduo. This residue also was pyrophorous when thrown into the air. 

Third Precipitate. — The mother-liquor of the second precipitate was 
^concentrated by evaporation, and formed a third precipitate. This, after 
•isolation, was dissolved in dilute ammonia, and reprecipitated by gentle 
evaporation. It was light green, and when gcntlv dried was analysed* 

(1.) 0-1293 g. gave 0-0631 CuO = 38-96% Cu. 

(2.) 0-1088 g. „ 00547 „ =40-10 „ 

T 2 



ACT.B. Mo. B. ^ trihydrate of the cupric inosite requires 'iO-I0'/„of Co. Thr 
Fi^ttttHe. tliis compound, CgHiiOfl + 3 CuO + 3 H,0 (atom. weight = 47tl' 
thfiOhen^ li^ realty been obtaioed, was further prored hy the Ioh «bicli :' 
Cwi^tgiMoi Gufl'ered on bwig dried at 110°, being eqiwl to three moledes of irjtii 
Dr. Thudkhom. For the dry compound gave on analysis the following result : 
(3.) O-IOOI g. gave 00578 CuO = 45-38 7„ Cu. 

Fourth Precipitate. — This was obtunod after the third, by the la:. 
process as the latter. It was bri^t green, and dried at ll(Pg»«" 
analysis: 

(1.) 0-0699 g. gave 0-04 CuO = 46-68% Cu. 

The Inosite from Ox-6rain used lo the foregoing rescarcb n^> ■ 
finely crystallised, on the whole very pare specimen. Neverthele^-. '•■ 
first precipitate was somewhat impure, as indicated by ita fh'^^ i 
properties and its composition. But the precipitate Kos. 3, 4 ven^ - 
pure that their analyses yielded almost theoretical results. 

It wttfl therefore very surprising that an equally well cryslalli«ii j- 
apparently perfectly pure specimen of inosite from Aunon hTmu. ■ ■ 
being mixed and treated with capper acetate like the inoeiu (i i. 
ox-brain, should yield totally different and greatly varying results. 

First Precipitate. — (Prep. No. 3069.) 

(I.) 0-5149, dried in vacuo over sulphuric acid, lost at IlO^O'v: 
in weight, corresponding to a loss of 1 ■ US °j HjO. 

(2.) 0-6412, dried at 110°, gave 0-3813 CuO = 47-48% Cn. 

Second Ptecipttate. — (Prep. No. 3070.) 

(1.) 0-3445, dried ia vacuo, &c, lost at 110^ 0-0061, corrBsponJi ■■ 
tol-77%HjO. 

(2.) 0-4732, dried at 110^, gave 0-3036 CuO = 51-23% Co. 

Third JVecipi(ate.— (Prep. No. 3071.; 

The mixture on further evaporation, formed only an insigDifii'^- 
precipitate, although after addition oi coppwr solution it fonoed ■ li^'- 
and a sixth precipitate, which contained more copper than tbe iir- 
precipitate. The third precipitate gave on aualysis : 

(1.) 0-2944, dried in vocuo over sulphuric acid, lost at 110° OW-M 
= 2-85%HaO. 

(2.) 0-3075, dried at 110", gave 0*1837 CuO = 47-73% Ca. I 

Ft/th and Sixth Precipitate. — (Prep. No. 3072). Analyses : 

(1.) 0*3807, dried in vacuo over sulphuric acid, lost at Utt^O'Ci''! 
= l-34%HjO. 

(2.) 0-3429, dried at 110°, gave 0-2139 CnO = 49-81% Cu. 

These precipitates, therefore, contained about two, or four, or "LI 
percent, more copper than corresponds to tri-cupric inosite. ^^t-^- 
they were dissolved in ammonia and the solution evaporated ciuiiou'.'' 
discoloured products were obtained. From these data I coDclnde \i~' 
the inosite from the human brain is either altogether diEFerent &<hii '^^ 
contained in the brun of the ox, or is accompanied by another hid:-^' 
carbohydrate of less stable quidity. In any case, the subject colb '<' 
further investigation. 

Inosite is a hexaOynamic alcohol, and forms two nitrate ethers.' 
hexanitrate and a trinitrate. Similarly, though probably not ''.' 
substitution of hydrogen, it forms a tricupric compound ; and pcrbipt 
rt the same time a small quantity of a faexacupric one, If the compouoli 
with more than 45*2 % Cu have not to be considered as combioMionj 
vrith bodies other than inosite. 
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IV.— On a new Reaction and Compound of Ckbebbal Tybosin. Apg.B.No.5. 

In a former research I have shown that tyrosin is present amongst searobes on 
he amidated bodies extracted from the brain, though in small quantities ^"JiS^^aS^of 
only. It is also a product of the chemoljsis of brain albumin, and as I the Brain; by 
liate ehown in another part of the present research, it cannot be l^*"* ^^^c*^"™- 
^'parated so completely from the amido mixture as is desirable, and as 
- generally believed. To improve the processes of this separation I 
iiavcmade some experiments, which have resulted in the following. 
Tfie experiments were made on Prep. No. 3002, being tyrosin from 
i^rain albumin. 

Tyrosin dissolved in hot water with the aid of caustic soda ley, on 
-I'iilition of mercuric chloride, gives a deep yellow solution, and no 
vrecipitate. On cooling the mixture becomes turbid, and on reheating 
1 yellow precipitate ensues. (Prep. No. 3020.) The solution of tyrosin 
uust be dilute, hot, must contain excess of caustic ley, and the 

itrcuric chloride must not be added in excess ; if excess be added, a 
nllow precipitate is immediately produced. If to the dilute, hot, 
■'Ikaliae solution of tyrosin mercuric chloride is added gradually, until 
X dmt yellow precipitate is produced, and the solation is heated and 
allowed to stand, the slight precipitate which forms on heating crys- 
fillisea entirely in golden brown crystals, and is Hg20Cl2. The 
yellow amorphous precipitate, which forms out of the yellow solution on 
application of heat, is entirely soluble in excess of caustic soda. On 
lifMting the solution to boiling, no immediate precipitate is now pro- 
I'iced. If the heating and addition of mercuric chloride are done very 
.rridually near the boiling point, until the yellow fluid becomes opaque, 
:t sets on cooling into a white solid jelly. This compound is dissolved 
!D excess of caustic soda, the solution is filtered, and the compound is 
ilien reprecipitated with acetic acid. It is then perfectly white. The 
-ompound is therefore insoluble in weak soda, soluble in great excess 
'f soda, and insoluble in dilute acetic acid. Dried over oil of vitriol in 
v;u3uo and analysed, the compound gave the following data : 

Analyses.— {a?) 0-4463 g burnt with CuO, &c., gave 00716 
H/)=1-78 7^H, and 0-2986 C0a=18 -25 % C; further 0-2739g 
Hg=61-37 7^Hg. 

{h) 0-3435 burnt with CuO, gave 0*2093 g Hg.=60-93 % Hg. 

(c.) 0-6339 g fused with nitre flux, gave 0-1403 g. AgCl = 
'^•007^ CI. 

(d.) 0-5233 g gave 0-1365 AgCl = 6-45 7^ CI. 

(e.) 0-7691 g by soda-lime process, gave ammonio-platinic 
liloride = 0-2922 at 130° = 0-1310 Pt=2-42 7^ N. (Calculation 
'^omthe double chloride leads to 2*38 °/„ N.) The same analysis gave 
^•682Hg = 60-88 7,. 

Synopsis of Data and Theory. 
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ACT. B. No. 6. or 2 (CjHioNOj + Hg CI) + HgO, or expamded in the foUoTice 
formula : 

Hg — CI 
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It will thus be seen that the reaction essentiallj consists in a reducti r 
of mercuric to mercurous chloride, which remains combined wr- 
tjrosin ; and of this compound two molecles are soldered together bj 
molede of mecuric ozyde. It is not intended to fix the exact manBir 
in which, and place (in the molecle) at which this union is cffect?/i. 
The reduction of the mercuric to mercurous chloride is no Ambr 
effected by that part of the hydrogen of the tyrosin which doe< r ' ' 
appear in the precipit&te ; in other words, an atom of hydrogen i^ sub- 
stituted by calomel. For this latter substitution the ordinary didp^ii.' 
character of mercury affords an easy opportunity, but for the solder!:. 
action of mercuric oxyde the metal may hypothetical ly be allow<:'«i ' 
possess a greater number of dynamicities than two. 
. Mercuric chloride is a general reagent for bodies of the alkalcM 
class. In this capacity it produces precipitates in almost all anir;. 
fluids, which contain albuminous matters or their dorivates dowu t 
ammonia. The composition of these precipitates is as jet li'' 
studied, but is complicated enough to have deterred inquii'ers fi r 
ascertaining it. I have examined some such precipitat-es, e.g., from t' 
extract of the liver in kidney diseases. In such the redoctioa ^•' 
mercuric to mercurous chloride is effected massively, but only a pan* 
the calomel produced remains in combination. The forgoing Te^end'- 
is a key to the study of such combinations. 

Reaction of Tyrosin with Capper AcettUe-. 

Two g of crystallised tyrosin were dissolved in boiling water, filter*! 
hot and ti*eated whilst boiling, with copper acetate. At first the fi- 
assumed a dark blue colour without forming any precifutatej •'• 
evaporation the liquid became green, and a quantity of black cupr.- 
oxyde was thrown down. When this was filtered off, and the evaporati' 
was continued, a very small quantity of oxyde was again precipit^t^'^^ 
This was once more filtered off, and the fluid further evaporated. T-' 
cupric oxyde was proved by combustion to contain no organic matt* r. 
It weighed about 0*8 g, being in proportion to the tyrosin taken a* / 
the atomic weights of both bodies are as -j-i*^ ^^^ mixture of tyro?in nn 
cupric acetate solution, from which two precipitates of cupric oxyde hn' 
been removed by filtration, on being further evi^rated, deposited : 
more oxyde, but the sides of the vessel were covered by ft very tl : 
layer of metallic copper, while an acid vapour was being given uff }■} 
the mixture. After great concentration crystals b^an to form, on 
variety being dark gceen, evidently, and as was proved, consisting 
copper acetate, another variety being sky-blue, and little soluble 1 
alcohol, were separated by laevigation with this agent. They contJii 
a product of decomposition of the tyrosin, but the yield represents only » 
very small proportion of the tyrosin originally employed. The gresU' 
part of the tyrosin is evidently destroyed by the copper in a manDOi * 
as to become volatile and disappearing during evaporation in the J^bai- 
>f volatile acid. If, as is probable, a copper compound can be fornf * 
vith tyrosin, its production requires special precautions, which oiv i- 
ret not ascertained. 
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v.— Chkhoitms bt Bahtta op Albumin fbou Braik. app.b.Xo.5. 

The albuminous matter was obtained in a manner which has already ^^^^^ ^' 
been described in detail, namely, by exhausting brain (human or ox) J!i<? ChemicAi 

•^v • -A ^ offO/ * aU Constitution of 

with spirit of 85 *^/q strength. the Brain : by 

An amount of albumeny about 100 g. in weight, with six times its Dr. Tbudichum. 
weight of crystallised baryta and four times its weight of water, part of 
the water being used to soak the albumen for some time previous to the 
admixture of the baryta was taken for the chemolysis. 

The apparatus employed was an autoclave made expressly for the 
purpose of wrought-iron, and holding above five litres. The cover was 
airtight and secured by a screw clamp, while an adjustable ralve pro- 
vided for the escape of gas in case of the pressure rising beyond certain 
limits. The mixture above described was placed in the chemolyser, and 
the temperature raised to 180^ C. by means of a rose gas-burner placed 
andemeath. The heat was maintained at this height for six hours, 
whereupon the chemolyser wfts allowed to cooL When the autoclave 
was opened its contents emitted a strong smell due to ammoniai com- 
pound ammonias, albuminol, and other products of decomposition. 

The semi-solid mass was extracted, placed in a platinum-still with 
much water and subjected to distillation. Two litres of distillate were 
drawn oflT, containing ammonia and compound ammonias in solution and 
nlbnminol in small white flakes ; the latter were removed by extraction 
with ether. 

The ether solution on evaporation left a small residue consisting of Aiimminni ana 
albuminoly mixed with a peculiarly smelling ^rohvXAj sulphurised body ; b«HfvI""^ 
tlie latter was gradually volatilised on standing, leaving the albuminol. 
which crystallised. 

Tiie watery distillate ^t^A neutralised with hydrochloric acid, and Watery distil- 
evaporated to dryness, and the mixture of salts was further treated for 
the separation of compound ammonias from simple ammonia, as will be 
described below. 

The mixture from which the volatile alkalies had been distilled was Pix«i baryta 
filtered, and the insoluble matter isolated. 

This insoluble matter was treated with water, ether, and hydrochloric Fa^t^ «?w.^ 
acid. A small quantity of a fatty acid went into solution in the ether, phoric, and*8ui- 
barjta with phosphoric and oxalic acid dissolved in the acid water, while phurousacid. 
barium sulphite remained insoluble. 

The soluble matters filtered from the foregoing precipitate were freed Soluble matters 
from excess of caustic baryta by crystallisation. From the filtrate all 
baryta was removed by excess of sulphuric acid, and from the solution 
all acetic add was expelled by distillation. Acetic acid. 

From the cold acid liquid alkaloids were removed by the addition of Alkaloids. 
phospho-wolframic acid as long as a precipitate was produced. This 
precipitate was washed with water containing 5 % ^* sulphuric acid, 
and then decomposed with baryta as has been described. The solution 
containing the mixture of alkaloids was further treated as will be 
described below. 

The acid filtrate from the phospho-wolframates, containing the amido- Mixture of 
acids was freed from phospho- wolf ramie and sulphuric acid by baryta, *°** ^"^^^ '* 
and evaporated slowly to crystallisation. It deposited first tyrosin, then J^^^^^^^tlj^r 
a mixture of leucin and tyrosin, then leucin and small quantities of other amido^ids. 
mnido-acids. Then a syrupy mass remained, which contained yet some 
alkaloids besides amido-acids. Then alkaloids were as far as possible Alkaloids, 
removed by a repetition of the phospho- wolframic acid precipitation ^^"^^^ p*^' 
JQst described. From the liquid more leucin was obtained. At last 
there remained a small quantity of uncrystallisable matter which was 
treated as follows : — 
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It was precipitated bj mercmic nitrate and sodium carbooatt. Th«» 
bulky precipitate was washed with water bj decantation^ fcc^ and 
flecomposed by h jdrothion. The solution on evaporation left a colour- 
It'ss gummy ma5.<« of the same character as ihe original matter. It will be 
farther treated of below. The moiher-liquor of the mercurj precipitair 
was also freed from mercury and found to contain but little orgamc ouitler. 

The mixtures of tyrosin and leucin were united and warmed with 
water containing 10 ^/^ of absolute alcohol. Hiis dissolved leucin aa<l 
left tyrosin undissolved. The limits of accuracy of this process will be 
indicated lower down. 

Tyrosin was purified by solution in hydrochloric add, treatment ^orilL 
animal charcoal, and precipitation by sodium acetate ; the precipitated 
tyrosin was crystallised from ammonia. 

Leticin was purified by combination with copper, its solution bein^ 
mixed and heated with copper acetate in a manner ^e details of which 
will be described below. 

The copper-compounds of the leucins are almost insoluble in coli 
water, more soluble in boiling water. The copper-compounds of other 
amido-acids which accompany the leucins seem all to be more soluble in 
cold water, particularly those of lower atomic weights than leucin. 

Glutaminic and asparaginic add, which have been obtained bj 
chemolysis from other albuminous substances, have not yet been isobUxJ 
from the products of chemolysis of brain-albumen. It remains to W 
seen whether the compound alkaloids which have been observed will ov 
long-continued chemolysis yield these adds. At present it seems as ii 
the baryta process applied to brain-albumin did not produce them. It i;. 
however, not impossible that they may be formed by the hydrochlori- 
acid and tin process, which evolves them easily from casein. 

Nitrogen as Ammonia from Brain- Allmmin, — ^Baryia-chemoljsis ot 
of 10 g, and distillation gave volatile alkali, which was neutralised by 
hydrochloric acid and combined with platinic chloride. The dry salt 
was re-dissolved, and left 0*0o50 g. insoluble matter, while the soluble* 
double salt of anunonio-platinic chloride amounted to 2 ' 8760 g. Thi'^ 
corresponds to 0- 1803 g., or 1*803 ^o N. The insoluble platinum salt 
contained 0*0077 g. N. This quantity of nitrogen is fai below that 
obtained by the same process from other albuminous matters (cf. Ado. 
Chem. Med., 1, 23). It approaches that obtained from gelatin, namelj. 
2'55^/q. With regard, however, to this question the observations 
shoald be borne in mind which will be found on p. 24 of the Annals jusi 
quoted, to the effect that the nitrogen evolved as ammonia by aIbnminoo3 
substances rises with the quantity of the reagent, the time of its action, and 
the temperature at which it acts. In any case it is less than one-fourth 
of the total quantity of nitrogen contained in the albuminous substance*. 

Total of insoluble Barium Salts obtained from 10 g. Albumen. 

These salts dry at 110° weighed 4*1760 g and, on analysis, were 
found to have the following constituents : — 

Barium sulphate ... 0*083 

Barium ... . 2*425 

Phosphoric acid (PO^) - - 099 

Oxalic acid • - - - 0*043 

Sulphurous acid - - - 0*008 

Hydrothion - . . , trace 

Carbonic ncid and soluble organic matter - 1*246 

Organic insoluble matter - - 0*272 



Total 



4*176 
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While ia the foregoing experiment about 1 % of phosphoric acid was -App. b. No. s. 
obtained, in another one the molybdate of ammonia process, &c. gave as Further Ro- 
much as 3 • 465 % phosphoric acid (PO4). It is doubtful whether in this Sfc^iSki 
latter case all the phosphorised matters had been removed from the Constitution of 
nlhumen. It is, however, evident that many analyses will be required i^^ fhudichiini. 
before any average can be stated for this particular datum* 

Barium retained by Amidth Alkaloid' Acid Mixture, — ^The mixture of 
amido-acidSj alkaloids, and acids from which all excess of caustic baryta 
has been removed by carbonic acid, retains a considerable amount of 
Imiium in solution ; this has to be removed previous to the distillation of 
the volatile acids. The amido-mixtare from 10 g of albumin yielded 
1-7830 g barium sulphate, equal to 1 '0480 g Ba, or 10*48 %. This 
is only about half the quantity of barium retained in the chemolytic 
products of other albuminous substances, ossein excepted, in the 
products of which the barium retained amounts to 13*2 ^o (^^- Ann. 
Chem. Med., 1, 28). 

Quantati&n 0/ Acetic Acid from Brain- Albumen, — The acid distillate 
from 10 g of brain-albumen chemolysed as above described yielded 
1586 g barium salt (BaC4H«04,At.W. = 255) equal to 074 
acetic acid, or 0*74 %. This is only one-fourth of the quantity yielded 
by pure albumin, and only half that yielded by ossein or ichtiiyocollin 
(cf. Ann. Chem. Med., 1, 29). 

Quantation of Tyrosinfrom Brain Albumen, — The tyrosin, obtained 
by the chemolysis of 10 g of substance, was separated by alcohol, re- 
crystallised from ammonia, and dried at 105°. It weighed 0* 122 g. = 
r22 7o* Th^s is the smallest percentage of tyrosin as yet obtained 
from any albuminous substance by this process (cf. Ann. Chem. Med., 1, 
31). I have stated in another part of this research how tyrosin is 
retained by the amido-mixture, and even by crystallised leucin. The 
quantities of tyi-osin actually isolated must therefore be considered as 
minima until absolutely reliable methods for its isolation may have been 
foand out. 

Leueins from 100 g of Ox-Brain Albumen, — They were combined 
with copper by solution in boiling water and addition of excess of copper 
acetate. On boiling, a precipitate ensued, which was filtered off and 
washed with cold water until the washings were no longer blue. This 
precipitate was now boiled with much water, and the blue solution was 
evaporated to dryness. The residue from this evaporation is product 
^0. 2, while the salt which remained insoluble in boiling water (i.e., in 
JiS much as was applied) constitutes product No. 1 . The mother-liquor 
of the first precepitate was evaporated as long as precipitates were found. 
These constitute product No. 3. 

Quantation of Copper iti the three products. 

No. 1. 0-2325 g gave 0-0555 CuO = 19-05 % Cu. 
No. 2. 0-408 g gave 0- 1035 CuO = 20 26 % Cu. 
No. 3. 0-422 g gave 0-103 CuO = 19-5 Cu. 

The latter amount of copper is almost that required by cupric dileucin* 
Tlic solution obtained by decoction of the first precipitate contained 
probably some amido-acid of lower atomic weight, which raised the 
amount of copper to 20-26 %> "^bile the residual salt probably contained 
an amido-acid of higher atomic weight than leucin, whereby the amount 
of copper was depressed to 19 05 °/ , These hypotheses will have to be 
farther tested on larger quantities of material. 
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Organic Body from Mercuric Chloride and Soda PrecipiUUe, 

The white precipitate was decomposed with hydrothioD, and the boIu- 
lion left a Bemi-crystalliDe suhstance. This was insdable ia sprit of 
85 7c strength. In its wateiy solution phospho-wolframic acid prodaced 
no precipitate, showing that it was not and did not contain any alkaloid. 
Alkaline copper solution on application of heat gave no reaction* Ferric 
chloride produced a brown precipitate, soluble in excess of chloride, 
with an intensely red colour. Ammoniacal silver solution gave no preci- 
pitate, but on boiling it deposited reduced silver. Copper acetate gav«' 
no precipitate even on addition of alcohol. Acetate of lead gave a pre* 
cipitate only after the addition of much alcohol, and this compound 
seemed to be an alcoholate. When dry it was found to contain S7*H , 
of lead. It was therefore probable that the body was not and did oot 
contain either glutaminic or asparaginic acid. 



VI. — Properties op (Jommon Tasteless Lbdcin and op its Copper- 
Compound, STUDIED WITH A VIEW OP ESTABLISHING ITS DUG- 
NOSIS FROM ITS ISOMER GlTCOLEUCIN. 

Some tasteless leucin, made from albuminous matters (not brain) b> 
the sulphuric acid process, which had been kept in the collection of the 
laboratory for some time, was again subjected to a process of purificatiub. 
Some tyrosin again crystallised out with the first crystals. The solatioi* 
was now treated with cupric acetate, and the first precipitate Tr<i? 
removed. (In this any glycoleucin would have been contained.) The 
filtrate from the first precipitate on evaporation gave a precipitate 
(termed ** first precipitate by evaporation," being second precipitate f>". 
copper-process), which was decomposed by hydrothion. The solutio;:. 
on concentration, gave a first crop of crystals, which were rhombii 
plates, and quite tasteless, (Prep. 3072.) 

This was again combined with copper, and the precipitate i^a- 
filtered off. (The mother-liquor which gave no longer any precipiuuo 
with cupric acetate while hot, was lost.) The precipitate was now 
boiled with water repeatedly until it was completely dissolved, and th«' 
solution was filtered hot. 

Quantatio7is of Solubility, 

(a.) 730 c.c, saturated boiling deposited, mainly immediately afi«v 
filtration, and only to a small extent during cooling and standing for *2^ 
hours, blue light crystals, which when dry, weighed " 1790 g, indicatiii.: 
a deposit of one part out of 4,078 parts of boiling water. 

(6.) Of the clear blue filtrate from the foregoing operation 630 c. c. 
were evaporated to dryness, and left 0'1048 g of blue compoun^L 
showing that one part was soluble in 6,011 parts of cold water. (Thv 
residue being in a large platinum basin could not be weighed in a!i 
absolutely dry state. The following quantation is more accurate :) 

(c.) 100 c.c. on evaporation left 0*0162 grm. residue, equal to ?» 
solubility of one part in 6,172 parts of water. 

Results: 730 c.c. of the leucin copper solution contained vrhW 
saturated at the boiling heat 0' 3000 g of salt ; of this, 0-179g wer 
deposited on cooling, while 0*1210 g remained dissolved at th*^ 
ordinary temperature. The solubility of the salt in boiling water i^ 
therefore one part in 2,433. This is about double the solubility o' 
glycoleucin-copper. 

It is generally stated in chemical writings that leucin dissolves in 27 
parts of water at the ordinary temperature. I find by special experi- 
ment made with pure tasteless leucin, that one part dissolves in 30*07. 
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in ronnd numbere 80 parts of water at 15° C. (Of gljcoleucin, one part App.B.yo. b. 
is soluble in 82 parts of water at 18^ C.) It requires 668 parts of spirit Further Ro- 
of 76**/q strength for solution. Combination with copper therefore thaiohOTSaii 
reduces its solnbllitj yeiy greatly. Oonstitation 

The immediate deposition of crystals from a saturated leucin-copper Dr. fhuSciumL 
solution filtered hot indicates the presence in the compound of ordinary 
or tasteless leucin ; the hot saturated solution of glycoleucin-copper 
differs fi'om the former in this, that it forms a deposit only after long 
standing. 

Stahiiily and Regularity of Composition of Leucin Copper- Compound, 

A quantity (2 * 3 g.) of aystallised ordinary tasteless leucin, of similar 
origin as the foregoing, and separated from copper with which it had 
been combined, was a second time converted into the copper-compound 
by means of copper acetate. The compound was extra(^ted several 
times with boiling water, and then dissolved entirely in a sufficiency of 
boiling water. Soon after filtration there separated fVom the still hot 
solution a crystalline deposit^ which increased only slightly while the 
liquid cooled to the ordinary temperature of the air. The precipitate 
was isolated and dried at 110* (Prep. No. 3225), 0-2977 gave 
0-0714 CuO=:19-157o Cu. The solubility of this precipitate in 
boiling water was as follows : 200 c.c. of boiling solution saturated by 
long boiling with excess of salt left 0'0904 residue, equal to a solubility 
of one part in 2,212 parts of boiling water. The cold solution filtered 
from the precipitate on evaporation left a residue, which showed that 
one part had been dissolved in 5,882 parts of water. 

The solution in which the crystalline deposit, described in the fore- 
going, had been formed, was evaporated to a small bulk as long as it 
formed any deposit while hot, and then allowed to cool. The isolated 
(here termed second) precipitate dried at 110^ (Prep. No. 3226) was 
analysed, 0-3338 g. gave 0*0818 CuO = 19*57% Cu. 200 g. of cold 
water dissolved 0*0432 g. of this compound, which is equal to a 
solubility of one part in 4,630 parts of water. 

The filtrate from the second deposit just described was evaporated to 
dryness to obtain the remainder of the leucin compound. Some copper 
compound, differing in appearance from the leucin compound, was 
deposited with the latter, and had to be removed by water acidulated 
with a little acetic acid. This, as the quantation of the copper con- 
tained in the compound (Prep. No. 3227) showed, succeeded only 
partially, for 0*3532 g. left on ignition 0902 CuO = 20*39°/^ Cu. 

Thus it will be seen that the very first crystals of this preparation 
(reconstituted a second time as copper-salt, after having been constituted 
the first time as copper-salt, with an apparently pure specimen of 
leucin) contained a little less copper than is demanded by theory ; the 
second crystals, obtained by concentration, yielded the theoretical amount 
of copper ; and the third fraction was evidently impure by the ad- 
mixture of a copper-salt, which was perhaps a combination of an amido- 
Qcid of lower atomic weight than leucin. 

In connexion with this it deserves to be mentioned that the presence 
in leucin of tyrosin as an impurity depresses the amount of copper which 
will be found in the copper-compound made from such leucin. ll*2g 
of crystallised leucin were treated in boiling watery solution with copper 
acetate, and the deposit was collected. It gave on analysis (mean of 
two quantations) 17*25 7© Cu. The filtrate on further evaporation and 
cooling gave another deposit, which on analysis was shown to contain 
18*18 7oCu. Another 11*2 g. of the same leucin as that used in 
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the experiment just related, was dissolved in a large qoantity of warm 
water, and allowed to cool slowly, when it deposited a sensible portion 
of tyrosin. The leucin was now removed by the copper-process, and 
the compound found to yield the theoretical amount of copper. The 
mother-liquors of the first and the second part contained a copper-salt 
of a lower amido-acid, which had a sweet taste, but was not glycolencin. 

Note, — This and similar copper-salts, not yet exactly identified, 
retain tyrosin in solution. When the copper is now removed by hydro- 
thion, the filtrate, reduced to the same bulk as the original solution, 
deposits tyrosin (Prep. No. 3036). This first deposited tyrosin gives a 
good mercurous nitrite test, but may contain some of the following 
new body. When the mother-liquor of the foregoing tyrosin is 
slightly evaporated, it deposits a body much like tyrosin, crystallising 
in microscopic fine needles, but giving no mercurous nitrite reaction; 
a slight rose pink which appears at the moment when the reagents are 
mixed} disappears, and the mixture becomes white. 



Leucin obtained, by Crystallisation from AnUda- Mixture from 

Chemolysis of Brain-Albumin, 

Although this leucin had no distinctly sweet taste, it was treated with 
copper acetate to separate any glycolencin which might be contained in 
it. It was dissolved in hot water and heated to boiling ; a concentrated 
solution of copper-ace tiite was now added gradually until a precipitate 
was formed. T\ns first precipitate was removed by the filter. To the 
filtrate was added copper-acetate as long as a precipitate was produced, 
and then a slight excess of the acetate. The mixture was allowed to 
stand and deposit the second precipitate. This was collected on a filter. 
ThQ filtrate was evaporated to a small bulk, and deposited, particularly 
on cooling, a third product. This latter appeared the most crystalline, 
and of the deepest blue colour. 

The first precipitate was then boiled seven successive times with largo 
quantities of water to extract the common leucin copper-compound, and 
leave any glycolencin copper-compound insoluble behind. It was then 
dried on the filter ; lastly in the air-bath at 110% and analysed (Prep. 
No. 3223a) 0-3092 g. left after prolonged ignition 0'0759 CuO, equal 
to 19 '60% Cu, or exactly the theoretical amount for cupric dileucin. 

The second precipitate was boiled with nine successive large volumes 
of water, and what remained undissolved (Prep. No. 3223b) wa^* 
analysed, 0*3860 dried at 110°, left 0-0942 CuO = 19'49 7^ Cu. 

The third precipitate which crystallised out of the concentrated 
mother-liquor of the first and second precipitate, was finely triturated 
in a mortar, washed with cold water, dried at 110^, and analy-ied 
(Prep. No. 3224) 0-3157 g, left 0-0775 CuO = 19-60% Cu (again 
exactly the theoretical amount required by cupric dileucin). 

The first and second precipitate were united, suspended in boiling 
water, and decomposed by a current of hydrothion. The bulk of the 
copper- sulphide was removed by filtration ; the hazy and coloured 
liquid was evaporated to collect and precipitate some copper-sulphido 
(which is frequently imperfectly precipitated from neutral organic 
liquids), and after final filtration evaporated to crystallisation. Tho 
latter process was aided by the a<ldition of some strong alcohol. The 
crystals were collected, and recrystallised from water and alcohol nu<l 
dried in the air-bath. On elementary analysis they yielded result? 
agreeing closely with the theory of pure leucin. 
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Gljcolencin has been obtained by me in two ways, namely, synthetl- Synthetic*! and 
caliy, and by the (hemolysis with baryta of brain albumins. I have not giyooteoci^ 
obtained it from animal albuminous matters by the sulphuric-acid 
process, whidi yields ordinary tasteless leucin. 

The mode in which it is separated is the following : — The mixture of M«ie of isolating 
the sev^al l^cins, obtained by crystallisation from the amido-mizture, giy^reuciu. 
is combined with copper, by treatment with acetate. The glycoleucin 
copper-compound is mainly deposited with the first part of the preci- 
pitate ; latefj a mixture is deposited ; lastly, mainly the compound of 
ordiniuy leucin. The copper-compounds which result are then 
exhausted with boiling water. The glycoleucin copper-compound, as 
the least soluble, remains behind^ and is ultimately almost insoluble in 
boiling water. Much g^coleucin copper of course dissolves with the 
compound of ordinary leucin. The latter can to a large extent be 
isolated by the property that it separates from the boiling saturated 
solation in water almost immediately after filtration, while the saturated 
boiling glycoleucin copper solution does not deposit the excess of its 
salt until after long standing. It will be evident that these processes 
can only yield small quantities of material at a time. Seven specimens 
of glycoleucin copper were decomposed by hydrothion, &c., and crystal- 
lise separately. Three of the crystallised products were subjected to 
elementary analysis, and showed the identity of their composition with 
that of leucin. The seven specimens of crystals were then united 
(they weighed 7'63g.) and dissolved in boDing water. To the boiling 
solution a concentrated cold solution of cupric acetate was added, not in 
excess. A sky-blue precipitate ensued, and was filtered off while the 
liquid was hot To the filtrate, while cooling, a further quantity of 
cupric acetate was given, until no further precipitate was produced. 

PrecipUaie No. 1.— Dried at 110°; ' 4542 g after combustion left 
0-1092 CuO=19-20 7^ Cu. 

Precipitate No. 2.— Dried at 110°; 0*4210 g left 0-1026 CuO 
= 19-45 7oCu. 

An eighth specimen of pure glycoleucin was combined with copper, 
and the compound on analysis gave 19*45 7o ^^ ^" (Prep. No. 3220). 
The mother-liquor of this on concentration yielded a preparation 
(No. 3221) which on analysis was found to contain 19 '42 7o Cu. 

These data agree pretty closely with the theory of mono- 
cupric dileucin which contains 19-60 7^ Cu = 2 (CflHiaNOa) Cu or 
CijHj^CuNjO^. 

Solubility of the Cupric Salt of Glycoleucin in Cold Water. — 
Pure salt was boiled for a long time with water; the mixture was 
allowed to cool ; when quite cold the solution was filtered from the 
compound. 200 c.c. at 16-5* C. on evaporation left 0228 g, equal 
to a solubility of one part in 8,772 parts of water. The solubility of 
ordinary leucin copper is one part in 6,172 parts of water, and is there- 
fore greater than Uiat of glycoleucin copper. 

During the operation no trace of reduction or blackening was 
observed, not even when the solution of the compound was evaporated 
to an extremely small bulk with excess of cupric acetate. (This con- 
stitutes a diagnostic difference firom the bearing of a more soluble sweet 
product which is obtained from the mother-liquors of the amido-mixture, 
and during the evaporation of which with copper acetate such a reduc* 
tion takes place.) 
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Solubility of the Cuprie Salt of Glycoleucin in Boiling Water r— 
200 C.C. of the boiling solution left on evaporation to dryness 0*0449g,or 
one part dissolved in 4,454 parts of boiling water. This is aboat doable 
the solubility of the salt in cold water. On cooling, the solution becomes 
only slightly opaque ; a long time is required for it to deposit the salt 
soluble in the hot as a visible precipitate. 

The glycoleucin copper compound crystallises in minute scales and 
plates, combined in masses or balls. Many of the scales are clearly 
rhombic^ others rhombo-hexagonal ; the relative angles could not easily 
be measured. The imperfect nature of these crystals is explained by 
their rapid deposition out of a medium in which they are so very little 
soluble. 

Eletnentary Quantation of Glycoleucin^ prepared from imoluble 
Copper Salt, — The copper was removed by hydt-othion, and the glyco- 
leucin obtained pure and pearl-white by repeated crystallisation. It 
was dried over calcium chloride, and at last at 110^ C. : — 

(a.) 0-3055 g. gave 0-2755 H^Cand 0-6152 COj, equalto 54-92%C 

and 10-02 7^ H. 
(b.) 0-3131 gave 0-2342 metalUc Pt, equal to 10-61 7^ N. 
(c.) 0*4555, burnt with CuO in COg, &c., gave 280*5 m.m. gas at 
13° T. and 773 '5 m.m. B. equal to 41 620 c.c. of N. at 13** and 
773 • 5, equal to 38 • 919 c.c. of N. at O"" and 760 B, Weight of N= 
• 048826 g= 10-72 7oN. 



At Wta. 
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Glycoleucin does not give the inoaite reaction with mercuric nitrate. 

Solubility in Water at 18°. — ^7*4460 g of the saturated solution, from 
which glycoleucin had crystallised, left 0*0910 g crystallised white 
glycoleucin. 100 parts by weight of solution retain 1'^ parts of 
glycoleucin in solution, or in round numbers one part is soluble in 82 
pai*ts of water. Glycoleucin is therefore much less soluble in water 
than common tasteless leucin, of which 1 part requires 30 parts of 
water for solution at 15°. 

The sweet taste of glycoleucin is less easily perceived on the ciystab 
than on their saturated solution. Of this one drop will give a distinctly 
sweet taste over a great part of the mouth. The intensity of the 
sweetness is not much less than that of inosite. 



Ing^redicnts of 
amido-miitare. 



VIII. — Ox SOME New Alkaloids obtained fbom Brain- Albumik 

BY Chemolysis. 

The amido-mixture, which is obtained from brain-albumin by decom- 
position with bar^'ta under pressure yields on first crystallisation leucin, 
glycoleucin, tyrosin, aud some amido-acids of lower atomic weight than 
leucin. But there remains a considerable part of the mixture which 
does not crystallise in the state of mixture, each ingredient of which, 
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faowever, tteems crystalline after complete separation. I hare isolated App. b. Ko. 6. 
(wo of the ingredients and give in the following a short description of purtherRe- 
tbeir isolation and their properties. Marches on 

'^ ^ the Chemical 

Mode of Isolation of Alhcdoids from Amido^Mixiure. — ^The mother- ^??'*»|!??^*?V^ 
liquor of leucin is diluted, acidified with sulphuric acid, and mixed with DnThuSchiun. 
an acidified solution of phospho-wolframic (sjn. phosphotungstic) acid, 
i\B long as a precipitate is produced. The latter is washed with water 
containing 5 ^/^ of oil of vitriol, by decantation, ultimately on the filter. 
It is then decomposed with hot baryta solution, the excess of baryta is 
removed by carbonic acid, and the resulting solution of alkaloids is 
evaporated to a syrup. This product has the following properties and Properties pt the 
reactions : — ^It is strongly alkaline ; has the smell of sperma ; is soluble "•'^ alkaloids, 
in ammonia water; does not reduce potassio-cupric tartrate. With 
hydrochloric acid and gold chloride it gives a copious precipitate, which 
is insoluble in excess of. acid, easily soluble in alcohol. Hydrochloric 
t^cid and platinic chloride give no precipitate in watery solution, but in 
alcohol a precipitate is produced. Zinc chloride gives a copious white 
precipitate, which is soluble in excess of the chloride and in hydro- 
chloric acid. Silver nitrate gives a voluminous white precipitate, 
soluble in nitric acid. Tannin gives a voluminous white precipitate. 
Mercuric chloride produces a striking phenomenon. When to its 
saturated solution a drop of alkialoidal matter is added, the whole sur- 
face is instantly covered with a white precipitate. (The matter preci- 
pitated is therefore not spermatin, which gives only a turbidity with 
mercuric chloride. (Ann. Chem.Med., I. 3&.) The alkaloidal matter 
is carbonated, as on addition of an acid carbonic acid is evolved. It 
also contains some barium not predpitable by carbonic^ precipitable by 
dilated sulphuric acid. 

Separation of the Alkaloidal Matter into two Groups by Absolute 
^/coAol.— * When the syrupy mixture of alkaloids is treated with absolute 
alcohol, a viscous matter remains insoluble, another portion dissolves in 
the alcohol. The matter insoluble in alcohol retains its solubility in 
water. The matter soluble in alcohol gives with platinic chloride a 
copious precipitate of a double salt. This is not changed by alcohol, 
but is altered quickly by water. It fuses after evaporation of the 
alcohol. Placed in water it practically dissolves, a part remains un- 
dissolved. The solution in water continues to form deposits, for weeks, 
of the insoluble salt. Owing to this lability I have not examined these 
two platinum salts any further. 

From the viscous matter precipitated by alcohol there was obtained NewcijstaUised 
by a process of continued crystallisation a white crystallised alkaloid^ alkaloid, 
very soluble in water, easily soluble in hydrochloric acid. Tho hydro- 
chlorate evaporated to dryness, and redissolved in water, crystallises 
from concentrated solution. From spirit this hydrochlonite crystallises 
still better. The spirit solution may be mixed with ether without 
yielding a precipitate. But the crystals of the hydrochlorate are not 
very soluble in ether and may be washed with it. The salt, mixed with 
mercuric chloride and then with caustic soda, gives a white precipitate 
soluble in excess of the soda. 

Elementary Quantation of this new Alkaloid, 

After removal of the hydrochloric acid the free body crystallises in 
balls of needles. Dry at 1 10°. 
(1.) 0-2374 gave 0*4712 00^ and 0*1930 HgO, equal to 52 99 % C 
and9 03 7oH. 
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(2.) 0-1926 burnt with soda lime gave 0-1344 Pt. = 0*01906 N 
9-896 %. 

These data lead to the following provisional theory : — 

Per cents. -r- At. Ws. -r- N = 1 

C 62-99 4-4158 6*3 

H 9'03 9-03 12-9 

N 9-896 0-7068 1- 

28084 1-755 2-5 
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These relations of elements remind of a leucein (rather than a leuclu), 
with which probablj a small quantity of a high homologue is mtKcd. 

Separation of the Alkaloidal Matter into two Groups by Cupric 

Acetate and Absolute Alcohol, 

When the mixture of alkaloids is dissolved in little water and mixeJ 
with a saturated solution of cupric acetate and warmed no precipitate 
of leucin-copper ensues if the process of precipitation by the phoepho- 
tungstic acid has been correctly conducted. On continued warming 
some brown cuprous and dark cupric oxyde are deposited. The dee[' 
blue solution filtered from all deposits, is mixed with absolute alcohol 
as long as this agent produces a precipitate. This is the copper-com- 
pound of a new alkaloid, which without further puritication, on analj&i^ 
gave the following preliminary results : — 

(1.) 2451 g. burnt with CuO gave 38-23 % C, and 5-91 7^ H. 

(2.) 0-5072 gave 10-57 % N (by Pt. salt). 

(3.) 0-7440 gave 10 65 7. N. 

(4.) 0-4318 gave 0*0838 CuO =15-50 7^ Cu. 

(5.) 0-5482 gave 0-1077 CuO = 15-69 7^ Cu. 

Synopsis of Result and Theory. 
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Leading to formula Ci2H23CuN'307, or CigHasNgOe + CuO. The 
salt has a very light blue colour ; it is easily soluble in water, and the 
solution has a very dark blue colour. It contains a trace of probably 
tungstic impurity, which remains undissolved when the copper oxyde i> 
dissolved in nitric acid. 
Alkaloids soluble The alkaloids which are soluble in absolute alcohol in the presence of 
ukoho?"*^ cupric acetate have not yet been isolated. They contain, of course, the 

bodies which give the platinum compounds above described. I have 
subjected them to numerous reactions, and have isolated some peculiar 
bodies, of which the following is an example taken from my note-book. 
(Prep. No. 3031.) New body, alkaloid, by mercuric chloride and 
caustic soda from syrupy part of alkaloids suiter copper acetate and 
mercuric chloride treatment. The white mercury compound becamo 
grey on standing ; it was decomposed by hydrothion, and the filteivd 
solution was evaporated. The deposits which formed on concentratioQ 
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wero filtered off three times. They appeared under the microscope as App. b. No. 6. 
Amorphous granules, ahnost insoluble in ti>solutc alcohol even on boiling; Portber fie- 
casiJy soluble in nitric acid, but not precipitated from this solution by JJJ'cSnSal 
silver nitrate ; in this mixture excess of ammonia produces no precipi- Ck)n9titntioD of 
tatc^and no change ensues on its being boiled (absence of hypoxanthin). §?. Tha£c]nun. 
The nitric acid solution of the body on evaporation leaves a yellow 
residue^ but by no manipulation can a red colour be produced, as with 
the xanthin bodies. This compound must be produced in quantity 
before it can be studied with advantage. 

These alkaloids were not observed by Schiitzenberger in the re- 
i^'arches on the chemolysis of various albuminous substances of which I 
iiave given an abstract in Ann. Chem. Med. I., p. 20 to 44. They will 
therefore have to be added to the list of termiiial cleavage products after 
they are better known and identified. 



IX.— QUANTATION OF THE ChEHICAL CONSTITUENTS OF GREY TiSSUE 

FBOM THE Human Bbain. 

Grey ^ne was carefully cut from the surface of both hemispheres^ 
:ind from the anterior and posterior lobes of each. 6 ' 2395 g were dried 
at do^ until the weight was constant. The substance was repeatedly 
cut up with a knife. The dry residue weighed 0'9193 g = 14-73 7o' 
The water lost amounted to 5 • 3202 g =: 85 • 27 7o- 

For the following operations another quantity of grey tissue, amounting 
to 40 g fresh, was cut from all parts of the brain. It was extracted five 
times with boiling spirit in a flask attached to a reflux cooler. 

The albuminous residue, dry, weighed 3'5g equal to 7'6°/o ^^ ^^^ 
fresh grey tissue. It was analysed for sulphur and phosphorus. 
I '6304 g were burnt with addition of baryta-water, and gave 
00024 BaSO^s: 0-02 "^/o sulphur, and 0*0325 magnesium pyrophos- 
phate = 0-60 7o phosphorus. 

The deposit which the spirit made on cooling (cerebrins, &c.) weighed 
0'3g. 

The spirii solution evaporated to half its bulk, gave a (second) deposit 
which weighed 0*1 g. 

The^ltraie from this was evaporated to a small volume and deposited 
(a third deposit weighing) 0* 7 g. 

The foregoing deposits (0*3 -h O'l + 0*7, total = 1-lg.) were 
extracted with ether. There remained 0*2 insoluble, 0*9 were soluble 
ui ether. The matter soluble in ether (previously deposited from spirit) 
<^ounted to 1 *950"/q of the fi-esh tissue, while the matter insoluble in 
ether (cerebrins) amounts to only 0*434°/^ of the tissue. 

The last oily matter^ which could not be filtered from the water 
extract in which it was suspended, was precipitated with lead acetate ; 
the curded precipitate was collected on a filter. 

The precipitate of lectd-salts contained tlie pbosphorised organic 
compounds and sulphuric and phosphoric acid from the inorganic salts. 
It was washed while being continuously stirred with water to which a 
httle lead acetate had been added. It was next extracted with absolute 
alcohol. The alcoholic solution contained all the lecithin (with some 
lead). The dry matter weighed 0-73 g. 

The insoluble in alcohol residue was completely dried and extracted 
^ith ether. The solution on distillation left all kephalin-lead, which 
weighed 0- 22 g. 

The insoluble in ether residue was extracted with boiling alcohol, 
which dissolved all myelin lead^ and this when dry weighed 0-03g. 
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AFP. B. No. 5. The residue from the three extractions with alcohol, ether, and 
boiling alcohol was mainlj an inorganic lead-salt. It was exhausted 
with dilute nitric acid, and the insoluble residue, a mere trace of matter, 
was recognised as letid sulphate. The matter soluble in nitric ac^d was 
analysed for phosphorus by ammonium molybdatCy «&c^ and gave 
0*0175 g. pyrophosphate of magnesium, equal to 0' 0049 P. The 
phosphoric acid thus indicated was evidently combined with alkalies in 
the grey tissue. 

The lead-salts from the mixture of the last oily matter and waterj 
extract obtained as just described are liable to contain some inosite^lead 
as an insoluble compound. When this is decomposed in warm absolate 
alcohol by hydrothion, an alcoholic solution is obtained from which» on 
long standing, and again after concentration, inoHte is deposited in 
crystals. I have carefully identified these crystals, by their taste, their 
shape, and their reaction with mercuric nitrate. It is therefore dear 
that inosite can be precipitated, under the conditions prevailing in this 
research, by neutral acetate at least in part. Its complete precipitttioD 
can be effected only by basic acetate, and that with the aid of ammoDia. 
These difficulties, which at least double the operations necessary for tiie 
quantation of inosite, have caused me to search for other methods for its 
isolation. Of these endeavours some results are given in another 
chapter. 

The watery solution was freed from lead by hydrothion, condeDse<^ 
to expel acetic acid, acidified with sulphuric acid, and extracted with 
ether. The extract gave by the usual treatment zinc lactate in crystals, 
which weighed 0*07 g equal to 0*0452 g lactic acid in 44 g grej 
tissue, or 0'102 7o> ^^ round numbers, one part of lactic acid in a 
thousand of grey tissue. 

The solution from which lactic acid had been extracted was treated 
with ammonium carbonate in excess, and gave clear indication of the 
presence of calciutn. But the quantity was too small for being weighed. 
The filtered solution was boiled to expel ammonia, and then treated with 
phospho-molybdic acid. A precipitate of alkaloids or extractives was 
obtained weighing 0* 530 g. 

From the filtrate all phosphomolybdic and sulphuric acid were 
removed by baryta. The filtrate treated in the usual way and evaporated 
to dryness left a residue, being inosUe and carbonates of alkalies 
weighing 0*69 g. It gave with mercuric nitrate the inosite reaction. 
The residue was dissolved in water, and precipitated by lead BcetBie. 
and ammonia. The precipitated inosite lead was isolated and decompoeeJ 
by hydrothion. 

The mother-liquor of inosite lead was freed from lead, evaporated, 
burnt, &c., and left mixed carbonates of alkalies, which were trans- 
formed into chlorides = 0*2560. Out of this quantity platinic chloride 
precipitated 070 double chloride = 0*0112 K = 0*0250 7^ ^ ^^ S^J 
tissue. The remaining sodium amounted to 0*0920 7© ®f S^J tissue. 

St/nopsis of the Results of Analysis of Grey Matter of Human Brain. 

P«r cents. 

Water expelled at 95** - - - 85*270 

Albuminous part - - 7*608 

Ether extracts, kephalin^ and lecithin 

(and cholesterin ?) • - - 1*950 

Cerebri ns and myelin . - - 0*434 
Lecithin 1 

Kephalin S from last oily - - 780 
Myelin J (and cholesterin ?) 
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Per cents. Afb. B. Xo> ^ 

Inosite - - - - 0*193 PurtherRe- 

Lactic acid - . - 0-102 ^SSXa 

Alkaloids . . - . OoDstitutiou.of 

Sulphuric add . - - traces Slf.fh&hSlii. 

Phosphoric acid, H3 PO4 - - 0*017 

Potassiom - . - - 0*025 

Sodium .... 0*092 

Water extract - - - 0*500 

Loss in operations - . - 

The loss in operations is very large, amounting to almost a quarter of l^* ^ 
the entire solids. It is mainly incurred through the diificulty which ^'^^ *^**^ 
there is of separating the last oilj matter from the matter soluble in 
water. But other operations equally involve as yet unavoidable loss. 
The constraction of suitable apparatus for ether extraction would only 
partly avoid the loss by ether extraction, as in this process the main 
dlfficolty is filtration. 

The inosiu isolated weighed 0*09 g = 0* 193 °/.,. 

QuanUUion of the Chemical CanstituenU of the White Tissue of the 

Human Brain* 

The parts to be analysed^ amounting to 66 g, were cut from the 
centre of the hemispheres and corpus callosum. They were triturated 
to a pulp, mixed with spirit aud extracted six times with boiling spirit. 

The spirit extract deposited a white cerehrin substance on cooling, 
which was collected and washed. It was then extracted with large 
volumes of ether and filtered again. It weighed, dried at 70^, 4*5615 g, 
equal to 6 '91 7o ^^ ^^^ Q^esh white brain-substance. Foither treatment 
of the cerebrin bodies see below. 

Ether extract of the cerebrin deposit, — The ether was distilled off, 
the concentrated solution was filtered from a trifling deposit, and dis- 
tilled to dryness. The residue weighed 2 ' 4150 g. 

The ether extract of the albuminous substance (made after exhaus- 
tion by spirit and drying) on concentration deposited a few oily drops, 
and on distillation to dryness left a residue weighing 0*0350 g. It 
became dark, and existed only as a minute brown coating on the glass, 
possibly a meie trace of phosphorised substance, too small in quantity 
for further treatment. 

The albuminous residue was dried and weighed, after the treatment 
with ether, = 5 * 70 g. equal to 8 *63 7o ^^ original white brain substance. 

The spirit extract which had deposited the white matter was concen- 
trated twice in succession, and after each concentration deposited a 
semi-crystalline buttery matter. Of this the ether extract weighed 
5' 1730 g while the part insoluble in ether weighed 0*1400g. Of this 
a part was soluble in boiling spirit, and deposited on cooling, while a 
dark part was insoluble in boiling spirit, and contained some inorganic 
matter and phosphorus (probably myelin and a myelin salt). 

llie cerebrin mixture above described, weighing 4*5615 g, was dis- 
solved in boiling absolute alcohol, when 0* 1815 g of coloured matter, 
which was insoluble in benzol, and therefore was not stearoconote, 
remained undissolved = * 275 % o^ tissue. (It amounted to 3 * 9 ^A of 
the cerebrin mixture, and besides some slight impurity was albumen). 

The dissolved part deposited on cooling and standing phrenosin, 
kerasin, cerebrinic acid, with some phosphorised matter, and retained a 
phosphorised matter in solution. The dry cerebrins weighed together 
2*6030 (equal to 3*94, in round numbers 4 ^o of the white tissue). 

The alcoholic solution, from which these cerebrins had been deposited, 
measuring 750 c.c, contained 1 * 770 g of matter dissolved. With this 

V 2 
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app. B.No. 5. some attempts at an ideDtification and quantation were made. Oat of 
one half y 37o c.c., a precipitate was obtained with the aid of alcoholic 
platinic chloride; the precipitate dried at 66°, weighed 0*4524 g, and 
contained phosphorus = 2 • 52 ®/q. The second 375 cc. were precipitated 
with alcoholic cadmic chloride ; the precipitate weighed = 0*2965, and 
contained phosphorus = 4 ' 78 %. 

Analysis: (a.) 0*4462 PtCl^ salt were fused with canstic and flox 
and yielded 0*0402 magnesium pyrophosphate = 2*52**/oP. 

{b.) 0-2965 CdCl2 salt were fused, &c., and gave 0*0508 magnesimn 
pyrophosphate = 4- 78 ^/^ P. 

The cadmium salt therefore contained much more phosphorus than 
the platinum salt, in other words they contained different organic 
ingredients. Moreover the precipitants brought down only about one 
sixth part of the matter in solution in absolute alcohol. The mother- 
liquors were concentrated and made deposits, which were examined, 
but the results are not of a nature to be quoted in this place. 

The quantity of matter which had remained soluble in the absolute 
alcohol was ascertained as follows : 

Total crude dry cerebrin mixture - - 4*5615 g. 
Deduct albumen left insoluble in absolute 
alcohol .... - 0-1815,, 



Leaves pure cerebrin mixture 
Deduct the cei'ebrins deposited from absolute 
alcohol - - - - 

Leaves cerebrins, myelin, kerasin, 
soluble in cold absolute alcohol - 



4-3800,, 
2-6030^ 

1-7770,, 



These latter substances, which remain dissolved in much absolute 
alcohol, therefore amount to 2*6^/^ of the white tissue. 

The Icut oily matter which was suspended in the aqueous extract 
could not be separated by filtration. This is one of the greatest diffi- 
culties of brain analysis, and will have to be overcome by further 
discovery. In the interval I have adopted the following process, which 
IS efficient in all directions except on the point of inosite, as I have 
already stated above. The mixture was treated with lead acetate ; the 
precipitate was dried and weighed * 7340 g. It was extracted with 
•cold absolute alcohol. The extract weighed 0-4820, and was mainlj 
lecithitiy with some lead. 

The part insoluble in cold absolute alcohol was extracted with ether ; 
the solution left a residue of kephalin lead, weighing 0'0230g. 

The part insoluble in ether was mainly myelin leady but contiuned 
some sulphuric and phosphoric acid. It weighed = 0' 1970 g. 

The watery filtrate from the lead precipitate was freed from lead by 
hydrothion, evaporated to dryness and left residue 0-9260g. This was 
redissolved in little water, and acidified with sulphuric acid. The 
mixture was extracted with ether, and the extract treated for lactic 
acid, with zinc, &c. The zinc lactate crystallised white weighed = 
0'0707 g dried over oil of vitriol in vacuo. 

The acid solution from which the lactic acid had been extracted was 
precipitated with phosphomolybdic acid and the precipitate filtered off 
and dried =01270g. 

The filtrate from this was treated with baryta, &c., and after treat- 
ment with ammonium carbonate and evaporation left a residue weighing 
0-7500. This was redissolved in water and precipitated with basic 
lead acetate. Inosite lead was isolated and decomposed with hydro- 
thion. The dry inosite, crystallised, weighed = 0* 1420. 
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The motber-liqnor was freed from lead, evaporated to dryness, burat, *>f • B. Xo. s. 
aod the residue weighed = 0' 1717 g ; of the metals in this 17 '67-/o were PnrtiMr He- 
potassium, and 82 • 38 % sodinm. oSaSZa 

C^nttitation of 

Synopsis of the Resttlis of Analysis of White Tissue of Human d* ThuSchJun. 

Brain, 



Water expelled at Q^'^ . . . 

AlbumiDoos part ... 

Elber extracts, kephalin, lecithiiii and cholesterin 
Cerebrins and mjelin - ... 

Insoluble in etber from battery 
Lecitbia (lead) ... 

Kephalin (lead) .... 

Myelin (lead) 

Water^extraety 1 *403 per cent, consists of 
Lactic acid ..... 
Tnosite .... 

Alkalies (carbonates) - - 



70-230 
8-630 

11-497 
6-910 
0-212 



0-0456 
0-2151 
01717 



The separation of tbe etber extt-acts into their constituents was also 
carried out-, and tbe results will be stated lower down. 

x.— quantation of thb absolute and specific gravities of a 

Human Brain and of several Farts. 



DiTision of the Brain. 


Abflolnte 

Weight in 

Air. 


Weight 

in 
Water. 


LOMOf 

Weight in 
Water. 


Specific 
GraTity. 


K fitfht hemiaphere 

2. Left henusphere • 

3. CerebeUom 

4. Mesenkephalon 

5. Sclerotic part - 

Kntire Brain 


589*035 

595-823 

135-172 

83*950 

3- 630 

1357-610 


20-820 

21*600 

5*030 

1-250 

0-150 

48*850 


568*215 

574-223 

130-142 

82-700 

3-480 

1308-760 


1*037 
1*033 
1-039 
1-036 
1-04S 

1037 



Quaniation of the Specific Gravity of White Tissue and^rey Tissue 
fif the Human Brain. — These specific gravities were ascertained by 
suspension of the parts in water, &c. (grammes at 16°). 





White Tissue. 




Weight in Air. 


Weight in Water. 


Specific Gravity. 


0-4870 


0-0258 


1-053 


0-8650 


00400 


1-048 


10746 


0-0477 


1046 


0-6859 


0310 


1-044 


10479 


0-0394 


1-039 


3-7845 


0-1319 


1 -036 


9-7000 


0-2850 


1-030 


9-5362 


0-2740 
Grey Tissue. 


1-030 


0*6628 


0243 


1-038 


14-4592 


0-3810 


1027 


11-5741 


0-2865 


1025 
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PurthoT Ee- 
searchoson 
the Chemical 
Ck)nstitution of 
the Brain ; by 
Dr. Thudichuin. 



The foregoing data have been arranged in the order of decreaeintr 
specific gravities. This led at once to an inverse order in the goIuidd 
denoting weights in air. Only two figures out of elcTen do not abso- 
lutely take the places which they would occupy if the order of increase 
in the first column was inverse as that in the third. 

From the foregoing data it therefore appears, what has also been 
confirmed by many other experiments, some to be related below, that 
the specific gravity of white mid grey tissue of the brain is found ike 
higher J the smaller is the quantity of brain-tissue employed in the 
experiment. Now, as the pieces of tissue which can be employed in 
the experiments are limited in size by the arrangement of the relatire 
tissues in the brain, it is clear that the specific gravity quantadons of 
brain-substance in water can only be approximately correct. The 
variations, no doubt, depend upon a reaction between the surface of th»' 
piece of tissue immersed and the wat<3r which surrounds it. The water 
takes up some soluble albumin and some salts, and the piece of brain- 
tissue immersed assumes a glazed appearance. It is evident from thi^ 
that the greater the surface of the piece under observation to its volume, 
the greater will be the effect of this source of error. The error will 
further be influenced by the length of time during which the piece of 
tissue is immersed) and consequently variations will arise, even when 
pieces of equal size are examined, fi*om the interference of the accident 
of quicker or slower weighing. It is fuither doubtful whether white 
and grey tissues will be equally influenced by water in the same time, 
even when their bulks are equal. It is further not proved that either 
the grey or the white tissue is so homogeneous in any part of the brain 
as is assumed for the purposes of comparison. It is therefore clear 
that specific gravity estimates of brain-tissue in water have only an ap- 
proximative and no absolute mathematical value. Such estimates mimt 
therefore be made with the aid of fluids of well-known specific gravity, 
which, while they make contact with the brain-tissue, do not provoke 
in it any chemical or physical changes. 

Quantations of the Specific Gravities of White and Grey Tissue 

from diff^ercnt parts of the Brain. 

White Tissue of Hemispheres, 
(a.) Quantations by the Piknometer,*-^ 
Absol. Weight. Subst. + Pik. Pik. + Water. 

0-4526 61 9300 61-9120 

0-2S17 61-9342 61-9198 



Spec. Grav. 
1041 
1-054 



(i.) Quantations by Suspension in Water. — 
Absol. Weight. W. in Water. 

0-6859 00310 

1-0479 0394 

3-7845 01319 

9-5362 0-2740 



Spec Orav. 
1-044 
1039 
1036 
1-030 



Grey Tissue of Hemisphere, 

(a.) Quanta tion by Piknometer,-^ 
Ab«)l. Weight. Subst. + Pik. Pik. + Water. 

0-3117 61-9146 61-9039 



Spec. Grav. 
1039 



(b,) Quantations by Suspension in Water,^-^ 
Absol Weight. W. in Water. 

0-6628 0-0243 

14-4592 0-3810 



Spec Orav. 
1038 
1027 
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fFhiie Tissue of Cerebellum, 

(a.) Quantatian by Piknometer. — 
AbsoL Weight. Subst. + Pik. Pik. + Water. 

0-5900 61-9240 61-9039 



Spec . Grar. 
1-037 



(6.) Qutmiation by Suspension in Water. — 

Absol. W. W. in Water. Spec. Grav. 

0-8650 0'0400 1-048 



White Tissue of Mesenkephalon. 
(a.) QuantcUion by Piknometer, — 
Abuol. Weight. Subat. + Pik. Pik. + Water. 

0-6849 61-9252 61*9039 



Spec. Grav. 
1-032 



(3.) QuantcUion bp Suspension in Water. — 

Ab«ol. W. W. in Water. Spec. Grav. 

0-5128 0-0258 1-053 

Synopsis and Averages of the Specif Gravities observed in the 
three i^ries of Observations detailed in the foregoing^ without reference 
to repetition of the same numbers or to quantities on which they were 
observed. 



1. 1-054 

2. 1-053 

3. 1-048 

4. 1046 



I. WhUe Tissue. 

5. 1044 

6. 1-051 

7. 1039 

8. 1-037 



9. 1036 

10. 1032 

11. 1-030 



Mean specific gravity of white tissue = 1-041. 



1. 1039 



II. Grey Tissue, 
2. 1038 3. 1027 



4. 1-025 



Mean specific gravity of grey tissue = 1 *032. 
Specific gravity of entire brain (four parts) = 1-037. 

The foregoing figures do not differ much from those accepted by 
other observers. The specific gravity of white tissue is the same as 
that commonly allowed in physiological treatises, namely, 1 *041, while 
the specific gravity of grey tissue is 1 '032 instead of that commonly 
allowed, namely, 1 * 034. But when it is considered that what must 
theoretically be assumed to be the best observations of the specific gravity 
of white tissue^ namely, those on the largest volume, do only give 1*030 
as the value, while grey tissue under the same limitation gives 1 * 027, 
it is impossible to avoid the suspicion that all specific gravity estimates 
hitherto made» including the foregoing, are vitiated by a fundamental 
fault of method, or by several faults, as above indicated. These pro- 
bable faults have for the first time being observed in the course of the 
present researches, and there has been no time for remedying the 
inconveniences arising out of the observation. 

In a former report * I communicated a then new method for esti- 
inatingthe proportion between white and grey tissue in the brain (an im- 
portant physiological problem, which seems anatomically quite insoluble) 
^7 ft calculation from the four factors, absolute weight of the brain, 
i^pecific gravity of the entire brain, and specific gravities of each white 
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* Beport of the Medical Officer of the Privy Coancil and Local OoTercment 
Boftrd, New Series, No. VIII., 1876, Appendix No. 6, p. 148. 
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and grey tissue. This method still has it8 future, if the difference 
between the specific gravity of white and grey tissue be not uUimateiy 
found too small. 

In its execution the following formula may be used : — 

X = r^ ?^» in which 

P{^ —9) 

X = quantity of white matter. 

P = absolute weight of the brain. 

p = specific gravity of the entire brain. 

g = specific gravity of the grey tissue. 

w = specific gravity of tlie white tissue. 

Applying this formula to the data given above, namely, — 

P= 1358; /! = 1037; ^ = 1032; »== 1041; then x=:?o7*3, 

equal to 55 7o ^^ white tissue and 45 7o ^^ S^y tissue in the eotire 

brain. 



Mode of 
proceeding. 



XI. — SirSTEMATIC QUANTITATIVE ANALYSIS OF THE BrADC. 

The brain is weighed in its membranes ; the latter are then careftiUy 
removed and weighed, and their weight is deducted from the weight of 
the brain previously found. The membranes of a human brain will be 
found to weigh about 60 g. The brain-tissue is then cut, or minoed ia 
a machine, and steeped in alcohol, until it has become hard. It is tbeo 
worked through a sief in the manner described in Bep.N»S., No.IH, 1873, 
p. 114, et seq., where also an engraving of the apparatus is given. The 
brain pulp is now exhausted with spirit of 85 °/^ strength. The boiling 
with spirit must be repeated until a litre of spirit boiled with the whole 
of the residue, filtered and distilled to dryness, leaves only an inappre- 
ciable residue. The first spirit extracts which deposit the partioilAr 
white matter are kept separate. AU particles of brain-tissue on the 
one hand and all portions of liquid on the other must be constantly 
collected with scrupulous care. A human brain will leave from 100 to 
120 g of dry albuminous matter. 

The alcoholic solutions of the first extractions deposit on oooling and 
standing the while mailer ^ which amounts to 4*7 to 5% of the mixed 
brain-tissues, but is mainly derived from the white tissue. (Compare on 
this subject the special analyses of white and grey tissue given in another 
chapter.) 

Analysis of the white ma^ter.^^lt is exhausted with ether, by being 
shaken with it in a stoppered cylitKier, and allowed to settle ; the ether 
is drawn off with a syphon worked by air pressure« The white oerebrin 
mixture, containing the cerebri n and some phosphorised matteis, remaiii> 
insoluble, while all kephalin, lecithin, some myelin, all diolestenn, and 
some other neutral matters, an oil or ether (cerebrol) and a yellow coloured 
matter, dissolve. Thus we have— > 

'Kephalin, part combined 
Lecithin, do. 

Myelin, do. 

n^th*'*'' '^ Cholesterin 

Neutral (newj matter 

Cerebrol 

Yellow coloured matter 



Soluble 



all extracted. 

all 

part 

all „ 

part „ (KephahMteno,. 

all 
all 






99 



TrecUment of the ether Solution ; separation of its Ingredients fron 
each other. — The ether is distilled off, the liquid residue is mixed with 
an alcoholic solution of acetate of lead, and excess of alcohol and bo'd^J 



Soluble in 

boiling spirit 

Pftrt. 



317 

for some time under a refluent cooler. It is then allowed to cool and App.B-Kas. 
bimd. The chokflterin erytrtnllises in the upper layer of the mixturCi purUiwRe- 
while the kephalln lead and myelin lead remain below, insoluble. The BmnheB en 
mixture is gently warmed until eholesterin is dissolved and again allowed conSil^^of 
to cool. 'Diis process is repeated to cause the kephalin lead and the ^^mkjjnjii^^ 
myelin lead to become as adherent and lumpy as possible, so that when ^' 
the warm spirit solution is filtered off through a filter on a hot funnel, 
only a minimum of the insoluble compounds may pass on to the filter. 
The residue is then exhausted with spirit by repeated l<mg boiling with 
it. Thus we have — 

Insoluble in f Kephalin lead • • all precipitated, 
boiling spirit. | Myelin lead - - greater part precipitated. 

'Cholesterin - - all. 

Myelin lead • - part. 

Lecithin - • all. 

Cerebrol - - all. 

Yellow coloured matter ail. 

Neutral new matter - alL (Kephalosterin). 

Treaimeni of the insoluble in boUing Spirit pari (of the Ether 
Exiraet boiled with Lead Acetate), — This contains all kephalin lead, and 
Bome myelin lead, which have to be separated. This is done by 
absolute ether, in which kephalin lead dissolves, with a red colour, 
while myelin lead remains as an insoluble white deposit. The latter is 
washed with ether by decantation mainly (with the aid of a syphon and 
air pressure) lastly on the filter, dried and weighed. This datum is 
mydin lead pari thefirst. The kephalin*lead solution, and fdl ether used 
for washing myelin lead is distilled to dryness and the residue weighed. 
It constitutes kephalin lead, and contains all the kephalin which had 
been precipitated in the white matter. 

In each, myelin lead and kephalin lead, the metal and phosphorus 
are aflcertained by analysis, and from the data the amounts of pure 
mydin and pure kephalin relatively are calcuUted. 

Treatment of the soluble in Spirit fMir/.— -The boiling solution is 
mixed with as much boiling water as it will bear without becoming 
precipitated, and is allowed to cool slowly. Cholesterin (and phre- 
nosterin ?) crystallises almost completely, somewhat later and covering 
the latter settles the myelin lead. Lecithin (? lead), cerebrol, yellow 
coloured matter, neutral new matters (kephalosterin) remain in solution, 
(litis mixture requires further study.) 

Separation of Cholesterin from Myelin Lead, — The isolated crystallised 
matter is pressed, dried, and placed in absolute ether in a tall stoppered 
cylinder, and frequently agitated. Cholesterin dissolves, while the lead 
salt of myelin and a cerebroside aettle as a white deposit. The extrac- 
tion of cholesterin is completed by the repeated application of large 
volumes of ether. The united ether solutions are distilled to dryness ; 
the residue is dissolved in boiling dilute spirit (if not sufSciently dilute, 
the boiling solution must be mixed with boiling water until it becomes 
turbid) and the solution set to crystallise. The cholesterin is filtered 
off, dried, and weighed. The white salt which the ether dissolving the 
cholesterin has lefl insoluble, is myelin leadj and a cerebroside. This 
IB dried and weighed. It gives the purple reaction with oil of vitriol 
alone on standing, immediately with sugar syrup. 

The spirit mother-liquor of the cholesterin^ after concentration, may 
yet yield a minute quantity of cholesterin, but does not contain much 
else, colouring matter excepted. It may be added to the principal mother- 
liquor, from which cholesterin and myelin lead were originally deposited. 
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App. B. Na 6. Solution in Spirit of Lecithin (? lecul) cerebrol^ yellow colouring 

FurtherBe* matter, Jieutrcd matter {new, Kephalosterin) and some CAolesterin.— 

searches on Lecithin does not remain combined with lead in watery spirit. It cannot 

Oonsii^^^of ^ separated from the rest of cholesterin except by preeipitant reagents, 

*J®^r»m;by or .by chemolysls by which it is decomposed. Its quantation haa beon 

m c wn, £^^jj^ ^ ^ effected, with the greatest approximation to trath, by the 

following process. The spirit solution containing the matter jnet named 

is heated until all the spirit is evaporated. The residue in then treated 

with boiling water, in which it hardens and becomes granular. (In cold 

water it swells and becomes pasty, so that it cannot be separated from 

its mother-liquor.) The hot water is now decanted, and replaced by 

new ; the mixture is allowed to cool, heated ^ain to make the 

solids curdle, and the water is again decanted ; this is repeated until the 

decanted water is free from lead. 

Chemolysis of the lecithin^ S^c. mixture with Baryta, — ^The mixture 
as described is now mixed with the necessary quantity of baryta hydrate 
and water, and chemolysed in a closed platinum tube under pressure at 
125% for at least six hours. The contents of the tube are extracted 
firstly with hot water, which removes excess baryta, glycerophosphate 
of barium, and neurin. The solution is neutralised with carbonic aci^l, 
and the filtrate is evaporated. When suitably concentrated, the addition 
of absolute alcohol to it precipitates all barium glycerophosphate^ while 
the filtrate contain all neurin. The solution is neutralised by hydro- 
chloric acid in excess, and the addition to it of alcoholic platinic chloride 
precipitates all neurin as platino-chloride hydrochlorate. Both salts, 
the barium glycerophosphate and neurin double salt are dried and 
weighed. 

Products of the Baryta Chemolysis of the Lecithin Mixture which 
are insoluble in M^a/er.— These are extracted with boiling spirit. Thn 
concentrated spirit solution deposits yet some cholesterin and a souill 
quantity of a barium salt. These are removed by the filter. Tlie 
cholesterin is separated from the barium salt by ether. The spirit 
solution now retains the bodies above mentioned, namely, two neutral 
ciystallised bodies (which are hero described for the first time) (kephah- 
sterin and another), and perhaps some cerebi*ol and yellow colouring 
matter. Kephalosterin and the other body crystallise out of the absolute 
alcohol solution. Ether separates the second crystallised body from 
the kephalosterin. The latter is reciystallised from spirit. A thirk 
mother-liquor remains, which requires further qualitative examinatiou. 
It is diied and weighed, and placed in the account as last product of 
chemolysis of lecithin mixture. 

That part of the product of the chemolysis of the lecithin mixture 
which is insoluble in water as well as boiling spirit contains the baryta 
salts of the fatty acids produced from the chemolysed lecithin, as wt^ll 
as from the chemolysed ethylic ethers of fatty acids resulting firom o 
previous partial decomposition of lecithin under the influence of heat 
and alcohol only. As they contain barium carbonate they have to Ih' 
reconstituted in a pure state, and the different fatty acids have then to be 
separated. This is best done by decomposing the salts in water with 
hydrochloric acid, and extracting the fatty acids with ether. The etbet 
is di&tilled off, the fatty acids are dissolved in watery ammonia, and 
precipitated as lead salts by lead acetate. The lead salts are dried, 
powdered, and exhausted with ether. The ether solution on distillatiod 
leaves lead oleate, while the salt insoluble in ether will be found to he 
mainly lead palmitate or margarate, with only little, if any, stearatr. 
From the oleate and palmitate, with the aid of the neurin and g\}Tero- 
phosphate, the amount of lecithin originally present is easily calculated. 
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Treaimeni of the AlcohoUc Solution which has deposited the White AFp.B.Nft5> 
Matter. — This solution, and all alcoholic extracts of the albuminous Further Ee- 
jsirt obtained until it is exhausted, are distilled together to a convenient theChemical 
•"tAte of concentration, and allowed to cool. A matter is then deposited, Constitution of 
which, from its consistency, has been called ^^ buttery," and which S^?Sw£ohlua^. 
consists of cholesterin, lecithin, kephalin, myelin, and some other 
ingredients. This is separated from the liquid by filtration, and 
analysed as will be described. 

Treatment of the concentrated Alcoholic Solution which has depo- 
litedthe Buttery Matter. — ^This solution is evaporated on the water-bath 
until all alcohol has disappeared. The last portions of phosphorised 
matters and cholesterin, together with small quantities of oily ethers, 
then float on the watery liquid and adhere to the evaporating dish. 
This product is termed the ^ liut oily.** It is most advisable to separate 
this jfrom the watery solution without the employment of a filter, and 
ifter Hlightly rinsing with distilled water, to add it to the buttery matter 
tor farther analysis. 

Analysis of the United Buttery and Last Oily Matters. — To these 
matters, after they have been dissolved in a sufficiency of hot alcohol, 
the lead process, &s described in the paragraph relating to the ether 
extract of the white matter, may at once be applied. Kephalin lead 
aoil myelin lead are precipitated, lecithin, cholesterin, and some myelin 
It'jvi remain solution, together with other matters to be described. Thus 
we have : — 

Pr^ipitated from and / Kephalin -lead (all). 

insoluble in boiling spirit. 1 Myelin-lead (part). 

^Cholesterin 1 j ^ -x i 

Myelin-lead Ueposited on 

and a cerebroside J ^^^' 

Lecithin. 
Cerebrol. 
Yellow matter. 
Kephalosterin and other matter. 

Hie kephalin'lead and myelin-lead are separated from each other by 
ether as above described, and their quantities weighed. The lead contained 
in the respective preparations is ascertained by a special quantat ion of the 
phosphorus and of the lead, and from these data the actual amount of 
each of the free phosphorised principles is calculated. 

The myelin-lead and cholesterin deposited fi'om the hot alcohol are 
also separated by ether, and the products weighed. The cholesterin 
may be weiffhed as residue from the ether solution afler distillation of 
the ether &om a tared flask, or it may be recrystallised from very 
dilute spirit, and weighed in the crystallised state. When thus re- 
crystallised it is so pure that its melting point is mostly at 145^. 

The cold spirit solution containing lecithin, cerebrol, yellow matter, 
kephalosterin, and mostly a residue of cholesterin, together with some 
lead acetate, has now to be chemolysed so that its ingredients can be 
ascertained from the products of decomposition. The spirit is first 
evaporated and the residue heated with water, which dissolves the 
acetate of lead and any impurity soluble in water. This purification 
with hot water (cold water has to be avoided, as it makes the residue 
swell, and present a semi-mucilaginous state) is repeated until the water 
is free from lead. The residue is no\r treated as follows : — 

Chemolysis of the last Residue of the Buttery and last Oily Matter 
tohich was not precipitated by Lead Acetate. — The necessity for this 
process arises from the fact that the bulk of the lecithin cannot be 



Soluble in boiling spirit, part 
deposited on cooling. 
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App.B.yo.5. separated from the last traces of choiesterin and from the small q«ian- 
Further Be- titles of ether (cerebrol or 6l6eDCophol) formed daring the long procc«s(- 
thTa^mical ^^^^ alcohol. There are, moreover, matters present, sach as kephalo- 
Constitution of sterin and others, which are all soluble in ether as well as alcohol, and 
Dr.^udiolmm. ^^ ^^^ combine with reagents in sach a manner as to become iofiolubU' 

while the other bodies remain soluble, or inverseij. 

The mixture as described is chemolysed in the same numner as tho 
residual mixture from the lead-precipitates from the ether-extract of 
white matter described above. It is mixed with the necessary quantity 
of baryta hydrate and water, and heated in a closed platinum tube under 
pressure, at 126^, for at least six hours. It may also be boiled in an 
open platinum dish, with frequent renewal of the water, for at lefl>t 
12 hours, but the process is liable not to be complete, as the fatty acid 
salts formed may enclose portions of lecithin and protect them from the 
influence of the baryta, ^smaller quantities of matter may be enclo:«etl 
in glass tubes, and sealed, and then heated to 125°, surrounded by 
water in a closed brass tube. This last precaution is necessitated by 
the firagility of the glass, if unprotected. The employment of the plati- 
num tube is preferable owing to its simplicity. The contents of the 
tube are extracted with hot water, which removes excess of baryta, 
glycerophosphate rf barium and neurin. These are isolated as alK)vc 
described, the glycerophosphate by alcohol, and the neurin by platiiiic 
chloride. 

The remaining solid products of the chemolysis, which are insoluble iu 
water, are extxacted with boiling spirit. In this all cholesterin, kepbalo* 
sterin, and other matters not yet fully identifie<l, and a little bartum mlt 
of a fatty acid, dissolve, while the barium salt of the fatty acids pr> 
duced by the chemolysis from lecithin and cerebrol rexnaia insoluble. 

The spirit solution^ when sniiiciently watery, deposits aD cholesterin, 
which is dried and weighed ; it retains in solution the kephalosterin and 
the other matters alluded to. This last mother-liquor is evaporated tu 
dryness and weighed, and the product is entered into the record of tb 
analysis as kephalosterin and other crystal Usable undetermined products 
The barium-salis of the faity acids^ olente and margarate or palroi- 
tate, are decomposed with hydrochloric acid and wuter under ether, and 
the liberated fatty acids are then combined, first with ammonia, next 
with lead. From the dry mixture of lead oleate and margarate ibe 
former is extracted by ether. The margarate remains as a vhito 
substance, which is easily weighed; the oleate is best weighed a^ 
residue of the ether solution distilled from a tared flask. 

In calculating the amount of lecithin from the oleic and margario 
acids obtained as lead-salts, and comparing these data with thi)^«' 
obtained by calculation from the quantities of glycerophosphoric acid 
and neurin, the following circumstances have to be borne in mind. 

Of the lecithin present in the brain, and extracted by the alcohol, .i 
part is already decomposed during the chemical operation. We shall 
see below how an excellent quantation of the lecithin can be made upon 
any portion of brain, provided it is not intended to estimate many other 
or all the ingredients of the extract obtained therefrom. But in th^' 
course of a complete analysis of a single brain, such as is here descrtl^ed, 
the complete quantation of the lecithin as such is not feasible, on account 
of the decomposition just alluded to. This decomposition causes a Iv^ 
of neurin and glycerophosphoric acid on the one hand, which remains in 
the watery mother-liquor containing the principles of the brain soluble 
in water, and a loss of fatty acids on the other, which oombbe witL 
alcohol and form ethers (cerebrol, ^leenoephol). These ethers arr ^'i 
course again decomposed during the baryta chemolysis, so that uhi- 
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iwly the wLole of the fatty acids which were present in the form of App. B. No. s. 
'bin are obtained as barium mJIs. It follows, therefore, that when FurtheTid- 
(jaantities of &tt/ aci<lB found are compared with the quantities of Jg^rJhS^ 
In irin and glyceropbosphoric acid, equivalent for equivalent, there will Ooiwtitakion of 
V (m ercess of fatiy acid over the neurin and glycerophosphoric acid, gjp^jjg^j^^ 
H therefore necessaiy to take the fattj acids as the basis of caleula- 
ri for the amounts of lecithin present in the original extract, and the 
'ij-in and gljcerophosphoric acid only as subsidiary aids for the 
vrmination of the minimum and the control against accident. 

se^^aratioH of the Ingredients of the Buttery Matter by a Process in 

•ruck Caustic Baryta is employed. — ^In thb process baryta takes the 

ice of lead which is employed in the process just described. The 

^'dts are in the main analogous. The mother-liquors will have to be 

tri"Q(;lT8cd with more baryta^ as in the previous case, but the process 

pUnotbe delayed by the necessity of removing the excess of lead 

Tile buttery matter is dissolved in a sufficient quantity of hot spirit 

I'i'i filtered hot. To the hot solution, hot baryta water (saturated in 

P'cold) is now added while the mixture is kept boiling. A precipitate 

' joratee and becomcss adhesive. The solution is decanted and filtered 

l-'ilin;;^. The precipitate which remains insoluble is exhausted with 

Killing spirit, dried and treated with ether. Kephalin-barium goes into 

elation, while a white salt {myelin-barium and small quantities of 

hftrmm salts of fatty acids) remains insoluble. The hot spirit solution, 

' cooliog, deposits a white precipitate and then is almost free from 

i^FC'dieots. The precipitate is isolated, dried, and exhausted witii ether. 

>'>i*i ^lution of ether contains all cholesterin, and a mere vestige of 

■^halin. The white precipitate contains, firstly, a body soluble in 

''^iilDg spirit, and deposited from it in needles (curved needle body), 

I'd u body which is now, after removal of the bodies soluble in ether, 

H)luble in boiling spirit, and contains much barium and phosphorus. 

The hephalin-barium as precipitated from human buttery by baryta 

^^'iter in the above process is not yet a pure compound, as was shown 

-> \\\Q following tests of a specimen. It was insoluble in boiling spirit, 

'^^ilv soluble in ether, twice precipitated by absolute alcohol and dried 

M^r oil of vitriol at 70°. 

Harium quantation : 0*6380, deflagrated with soda and nitre, &c., 
^are 0-2528 BaS04, equal to 23 30 % Ba. 

Phosphorus quantation : The filtrate from the BaS04 was treated 
•vlth magnesia mixture, &c., and gave 0*1066 pyrophosphate, equal to 
4-67 7, P. 

TLe amount of barium found corresponds approximately to a di- 
'arium kephalin, which requires 24*77 % ^^ ^"^ ^'*® amount of 
i'iiosphorns is in excess of that theory, which requires 2 • 9 7o •^» •^^ 
nu«t be left unexplained. Dibarium-kephalin has an analogue in a 
liplumbic kephalin, which I have described in earlier researches. 

Analysis of the Cerebrin Mixture. — This mixture, which was formerly 
clieved to be an immediate principle and termed protagon^ consists 
f H number of well-defined immediate principles, which belong mainly 
3 three distinct categories. 

(1.) Cerebrosides or bodies of the glucoside type, which contain as 
OQstitutionai bafic a peculiar sugar, cerebrose. The type of these 
oilies, phrenosin, was first described in these researches ; it forms the 
min quantity of the ingredients of the mixture. It is insoluble in 
old absolute alcohol. Kerasin is soluble in much cold absolute alcohol, 
t least for some time, and is deposited slowly on standing in a semi- 
r}'3talline form. A body crystallising apparently in cuned needles, to 
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apv. b. No. 6. ^ described in a future chapter, is pennaBenUj soluble in alooboL 
— * These bodies do not combine with lead when it is added as acetate tt> 
a^ffchM on their solution in spirit. But there are a numlH;r of cerebroi^ided which 
G<m^^'^^ f ^^ combine with lead when it is added as acetate to thdr ^irit solatiou : 
the Brain ; by cf tliis class is cercbrinic acid^ and spherocerebrin, and the thrvt' 
Dr. Thttdiohum. ijQjjies accompanying spherocerebrin as described in the article : *' On 

the cei-cbrin substances whicli combine with metallic oxjde&'* 

(2.) Phosphorised bodies of the gljceride t3rpe, which owing to the 
fatty acids contained in them being identical with or nearly allied to thi- 
fatty acids contained in the cerebrosides, have the same or very nearly 
the same solubility in alcohol and other solvents as the cereb^06iIi*J^, 
and therefore follow them so pertinaciously as to have caused the belief 
in their being in a state of combination with tbem. 

(3.) Sulphurised bodies of which a preliminary description has becu 
given in a previous chapter. 

The cerebrin-mixture also always contains varying quantities of 
bases, particularly potash and soda. 

The cerebrosides being mostly neutral bodies, having no affinity for 
either acid or alkali, can be isolated with solvei^ts only. Of the 
cerebrin-mixture an elementary analysis should be made, and its revolt!) 
stated in atoms with sulphur as unit, and again with phosphorus as uuity. 
This will at once show the proportions of atoms to each other, and b^.^ 
the chief control of the processes of quantitative separation to Ik 
undertaken afterwards. 

The cerebrin mixture, dissolved in alcohol, may then be treated with 
lead acetate and a little ammonia, and the precipitate may be exhausted 
with boiling spirit. This process separates the mixture of cerebro5idf^ 
into the two categories described above under (1). The snlphurisai 
bodies remain principally in the lead precipitate, the phosphoriMd prin< 
ciples distnbute themselves over precipitate and solution. The separation 
and quantation of these matters I shall be able to describe fully in s 
future report. 

The nitrogen in the cerebrosides is probably all pr^ent in a form, 
which by chemolysis with baryta or sulphuric acid, sufficiently loog 
continued, will appear as sphingosin. Thus neurin on the one, aod 
sphingosin on the other hand, will probably be the only nitrogeni^d 
nuclei to be isolated by chemolysis. They are certainly the principal 
ones as regards quantity ; should the sulphurised bodies contain any 
nitrogen and that in a particular form, then the quantity of this par- 
ticular product would be much below the quantities of the products just 
mentioned. 

XII. — Quant A^TiON of Constituents of an eihibb Huhan Braik. 

Of the left hemisphere^ which when entire weighed 596 g, 460 g 
were taken for the following quantations. The tissue was comminuted 
and exhausted with boiling spirit, &c., and yielded the following educts:— 

Albuminous matters = 35'06g. 

White matter J deposited from spirit, 21 '93 ; the same after extractioo 
with cold ether (cerebrin-mixture) dry =: 12*28 g. Soluble in ethrr 
9*65 g. These cerebrosides^ &c boiled with absolute alcohol, gave — 

(a.) Less soluble cerebrins, phrenosin, &c. deposited immediately 
8-11 g. 

{b.) More soluble ones, kerasin, <&c. deposited after days 0*66 g. 

and left insoluble stearoconote, albumin, and paper fibres 0'78 <^. 

Of this last item 0*53 wei*e soluble, 0'2o insoluble in hot benzol. 
The insoluble in ben7x)l part contained a body which left a black aah 
on combustion, anil contained much phosphorus. It was an eanbr 
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compoand of a pbosphorised bodj* It gAve a brownish red, but no app. b. No. 5. 
genuine oleo-cboHde reactioii. FurtheTae- 

The cUcoholie soliUion from the cerebrins = 340 cc was divided in Marrhes aa 
two equal halves of 1 70 c.c each. To one half platinic chloride was added coii9?ita%^or 
as long as a precipitate was produced. The precipitate, containing a ^^SP'^J'^ 
phosphorised body, weighed ' 85 g, and contained (Ft = 0*0817 g)=: ^' ^ ^^^' 
9-58 °L Ft, ; it jielded farther 0*0954 pyi-ophosphate of Mg. = 
3* 13 7o F. To the seocmd half of the alcohol solution cadmic chloride 
was added, and the precipitate obtained weighed 0*8124 g; it yielded 
1232 g CdO, = 13-27 % Cd ; and further 00995' pyrophosphate of 
Mg=r3-42 7,P. 

Of the matters dissolved in spirit, and not precipitated by these 
alkaloid reagents, 0*3619 g were yet precipitated by water. 

The ether extract from the cerehrin mixture weighed 9*65 g. 

The buttery matter , soluble entirely in cold ether = 21 '65 g. 

The last oUy matter ^ treated with lead acetate, yielded lead precipitates 
which together weighed 11*8450 g. 

Out of these there was obtained /eci^Atn = 2 * 8995 g. (This was 
easily soluble in cold absolute alcohol, and gave the characteristic tests 
with platinic and cadmic chloride.) 

Further kephalin lead = 0*8435 g = 0*5659 g kephalia; and 
rmjelin lead = 6*6080 g s= 5*2041 myelin. 

The last watery extract gave a phospho-molybdate precipitate of 
alkaloids, which weighed dry 3*7084 g. It yielded further l*56g. 
dnc lactate dried in vacuo over oil of vitriol k 1*0074 g,pure sarco' 
lactic add. 

The inosite amounted to 2 * 5335 g. 

The und^ned organic extractives weighed 2*7822 g. 

The scUtSg as carbonates, weighed l'7218g. Of these 0*39 were 
potassium = 0*745 KCl, and 0*39 sodium = 0*9844 NaCl. The salts 
as chlorides weighed 1*7294 g, and out of this mixture 2*4610 g 
PtCliCKCl), were obtained. 

In the calculation of kephalin, myelin, and lactic acid, the following 
formulsB were used, which should be considered as provisional, and will 
liave to be tested by further, or supplemented by direct analysis of the 
producto : — 

Kephalin, molec. weight = 836 ; kephalin lead = C42H75NFOi3Fb2 
\[ yj ^^ 1246 

Myelin, M.W. = 760 ; myelin lead = C^oHyjFbNFOio, M,W.=965. 

Sarcolactic acid, CgHeOa, M.W. = 90. 

Zinc sarcolactate dihydrate CeHioZnOg -f 2H2O, M.W. = 279. 

The buttery matter which had been soluble in ether (21* 6450 g) 
was boiled with baryta and yielded 6*7 g of cholesterin, with 16*5 g of 
bai*ium salts of fatty acids. The latter contained oleate (as shown by 
the oleo-cholide reaction), much phosphorus, and a small quantity of a 
body which was soluble in ether. But the complete extraction with 
ether was impracticable, as the turbid liquid would neither settle nor 
allow itself to be filtered. This difficulty is not rarely met with when 
dry barium or lead salts of brain eduets are subjected to ether treatment 
for ihe extraction of some ingredient. 

The ether extract from the cerebrin mixture, containing the kephalin 
and cholesterin was treated wich alcoholic lead acetate and filtered 
boiling. The insoluble residue of kephalin lead weighed 2 * 6410 g, 
which, assumed to contain 2Fb, is equal to 1 * 772 g free kephalin. 

The solution in spirit of the cholesterin, &c. was evaporated, and the 
residue freed from lead acetate by hot water. The cholesterin was 
then re-cry stall ised and weighed. When the cholesterin thus obtained 
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vfBs re-dissolved in ether, a Tvhite matter remained insoluble, weighing 
0*2680 g and being entirely combustible on platinum foil. 

Quan^ation of the Ingredients of the Right Hemisphere. 

The total hemisphere^ with the membranee, weighed 589 g.; after 
removal of membranes, 564 g. ; of this quantity, 465 g. were employed 
in the following quantations : — 

The albuminous substance amounte*! to 35*68 g, equal to 7*66 'j^ of 
the hemisphere tissue. 

The white matter deposited from spirit dry was = 18 • 60 g. 

The ether extract from this = 6 * 97 g. 

The cerebrins insoluble in ether = 11 *63 g. 

The buttery matter (^ 21'66g) in alcohol was treated with lead 
acetate, and boiled. The precipitates ins<duble in boiling alcohol were 
suspended in ether for separation, but the cylinder containing tlie 
mixtui'C breaking spontaneously, the quantation was Inst. In the table 
this void is iiUed up by data obtained from the data concerning the \eii 
hemisphere by calculation. 

The inosite was obtained in two portions, one with neutral acetate (it 
was not previously known that inosite was so precipitated)) another with 
basic, together about 0'43g. The lead having been removed from the 
liquid with sulphuric acid, the lactic acid was extracted and formed 
into zinc salt. It weighed, dry at 100^, 0*87 g* = 0*64 sarcolactic acid. 

Alhaloids were precipitated from the mother-liquor by phospho- 
molybdic acid. The precipitate weighed 3 * 8 g, and contained 1*30 v 
mixed alkaloids. 

The mother-liquor was treated with baryta, &c., evaporated, and the 
residue burnt. I'he indeHnite extractives amounted to 2*63 g. 

Of potassium 0*25g, oi sodium 0'40g were obtained. 

The hot mother-liquor of the buttery matter treated with lead acct&te 
(of which operation the insoluble precipitates were lost as above de- 
scribed) on cooling deposited myelin lead and cholesterin^ weighing, 
when dry, 6'99g. The myelin weighed 5*22g. 

The spirit filtrate, containing lecithin and little cholesterin^ after 
evaporation left a residue weighing 8* 13 g. 

The remaining bodies containing cholesterin were chemdysed with 
baryta, and gave cholesterin = 8 * 93 g pure, and 8*80g Aarttrm said 
of fatty acids, 

Quantation of the Ingredients of the Cerebellum, 

The total weight of the fresh cerebellum with membranes was 135 g* 
and after removal of membranes, &c. 124 g were analysed. 

The albuminous matter amounted to 11 *3809 g. 

The white matter from first spirit was = 1*81 g. Of this 0*2185 g 
were soluble, 1 * 6645 g insoluble in ether = cerebrins. 

The filtrate from the white matter was evaporated and treated direcll) 
with lead acetate. There were obtained kephalin lead= 1 * 97 g ; mjeliu 
lead 1 * 65 g ; in the solution cholesterin with lecithin and myelin leitd 
^3*26 g ; a second portion of myelin lead with lead salt insoluble In 
ether containing inosite =0*05 g. This inosite having been preci* 
pitated by neutral lead acetate (a reaction hitherto unknown) made tht* 
quantation of this body inacciu*ale. It amounted probably to 0*66 g 
for the entire cerebellum. 

The lactate of zinc dry at 100° weighed 0*19, equal to 0*1352^ 
sarcolactic acid. 

The alhaloids precipitated by phosphomolybdic acid weighed in com* 
bination 1 -62 g, free 0*6920g. 
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The extractives mixed with the salts weighed 1 ' 55 g. App.B. Na %. 

The alkali salts consisted of 0*01 potassium and 0*02 sodium. FtirfcherBe- 

The mixture of cholesteriii, lecithin and myelin lead above described f^f^'jJjSL^ 
sa weighing 3*26 g, was boiled with baryta and a little spirit for Constitution of 
three hours. The watery solution of neurin, glycerophosphate and excess ^ T^Sic^a, 
of bariam was separated from the insoluble matter. The cholesterio 
was extracted by boiling spirit, and weighed 1 *95 g. Its melting point 
was 145^ The barium salts of the fatty acids weighed 2* 56 g. 

Quantatian of the Constituents of the Mesenkephalon, 

The mesenkephalon and medulla oblongata weighed 34 g, without 
the membranes 33 g. 

T/»e albumen amounted to 2 * 48 g. 

The white matter weighed 0*64 g.; of this 0*03 were soluble in 
ether, 0*56 insoluble. 

The buttery matter yielded 0*67 kephalin lead. 

The lactate of zitic weighed 0*11, air dry, equal to 0*07 Iodic 
acid. 

The rest of the matters soluble in water were not estimated on account 
cH their small quantity. 

The data thus f&r ascertained have been arranged in the following 
table. They claim to be minima only, and with improved processes 
somewhat larger quantities will probably be found. Blanks are left 
where the quantations could either not be made, or were unsatisfactory 
when the products were tested. 

The experience gained by this analysis has shown that the division 
of aU the educts of a brain into five primary categories is practical 
They are (1) albumen, (2) white matter, (3) buttery matter, (4) 
last oily matter, (5) matters soluble in water. Of these the last oily 
and the buttery matters may be treated together for the separation of 
their ingredients, when the cerebellum or mesenkephalon are concerned. 
When derived from the hemispheres these products are more conveniently 
kept spart. 

The table contains about 130 data. But it will be seen that the 
cerebrosides, e.g. occupy only one column (col. 6). Whereas probably ten 
columns will be required to register the quantities of various specific 
bodies of which the insoluble in ether part of the white matter is com- 
posed. I estimate, therefore, that the quantitative analysis of one brain 
will involve the production and weighing of about three hundred definite 
bodies or compounds. Each of the four divisions of the brain, and 
each of the two varieties of tissue, the white and the grey, would thus 
requii^ about fifty quantations for chemical characterisation. 

The loss registered in the table appears at first sight enormous. One 
part was experienced by difi*usion from the parts immersed in water for 
the estimation of the specific gravities as described in a previous 
chapter. This quantity was 1 * 65 g. as ascertained by evaporation of 
the water and weighing of the dry residue. An uncertain part of weight 
was lost by evaporation. But the greatest part was lost in the course 
of the anatomical separation of white and grey matter, in the course of 
comminution, and transfer from filter to filter and vessel to vessel. 
This loss may be much diminished by improved apparatus^ but in the 
present case it imports only a slight degree of inaccuracy into the 
general result of the analysis, as its effect has been supplemented by a 
pix>portional calculation. 
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